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Switchgrass (Panicum virgatum) has been widely investigated because of its notable
properties as an alternative pasture grass and as an important biofuel source. The goal of
this study was to determine soil suitability for Switchgrass in Mississippi. A linear weighted
additive model was developed to predict site suitability. Multicriteria analysis and Sensitivity
analysis were utilized to optimize the model. The model was fit using seven years of field
data associated with soils characteristics collected from NRCS-USDA. The best model was
selected by correlating estimated biomass yield with each model’s soils-based output for
Switchgrass suitability. Pearson’s r (correlation coefficient) was the criteria used to establish
the ‘best’ soil suitability model.

Coefficients associated with the ‘best’ model were

implemented within a Geographic Information System (GIS) to create a map of relative soil
suitability for Switchgrass in Mississippi. A Geodatabase associated with soil parameters
was constructed and is available for future GIS use.
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CHAPTER I
INTRODUCTION

Among the different ways to evaluate natural bodies such soil, weather, and
topography sampling and collecting data in-situ using the adequate equipment is the
most popular and accurate. However, lately the uses of the Geographic Information
System (GIS) and spatial technologies have converted in a useful tool to evaluate the
natural resources interactions. One of the main limitations to evaluate natural resources
occurs when the date is not available or not updated. The sampling process normally is
costly and time consuming but many times is necessary. Otherwise, using available
data and spatial technologies often saves time and reduces costs to evaluate natural
resources. Thus it we have considered for this project use GIS modeling techniques,
multicriteria analysis (MCA) and sensitivity analysis to determine soil suitability at
Mississippi to crop one of the varieties of Switchgrass, Alamo (Panicum virgatum L.).
Land suitability models are widely used as a useful instrument to accomplish
assessments related with ecological and environment studies.

To establish soil

suitability for Switchgrass we have included in the evaluation five soil parameters; those
are: water holding capacity (awc), pH (pH), bulk density (bd), active organic nitrogen (on)
and organic carbon (oc).

There is a number of other soil parameter that could be

considered and that can be included in the assessment to determine soil suitability;
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however, the five selected are especially significant for the successful develop of
Switchgrass, with emphasis in awc and on (Cassida, K.A., et al W.R. 2005)
Soil is a natural body composed of organic matter, minerals, air and water, and is
capable of supporting plant growth. The role which soil plays in the growth of the plant is
vital due it is the interface among air, minerals, water - known as soil solution - and life.
Plants absorb the necessary nutrients through soil solution; however, the amount of
these nutrients and the soil characteristics vary as a consequence of the moisture,
mineral concentration and the organic matter that the soil contains. The presence of
these soil components and characteristics vary periodically, that means that soils are
dynamic natural bodies (Brady, N.C., and Weil, R.R. 1999)
Data associated with soils at Mississippi is available, but a significant limitation
exists and there are many areas that do not have data updated or simply does not exist.
Currently, the National Resources Conservation System and United States Department
of Agriculture (NRCS-USDA) are leading a significant effort to sample most of the soils
at Mississippi; however, detailed soil information is still weak in this State as well as in
many other States in the United States. As we mention before, the traditional method to
evaluate natural resources, such soils, is throughout field work and collecting information
in-situ; however, it could result very expensive and time consuming. An alternative way
to evaluate it is through GIS which is typically used to represent maps as data layers.
This system has been designed to capture, store, update, manipulate, analyze and
display geographic information. Through GIS we can obtain relative visualization of the
data, identify many relationships among parameters, identify patterns and trends; and
helps to determine solutions to problems (ERSI). The integration of GIS with alternative
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methods, software and technology evaluate natural resources such soil and vegetation
behavior and growth. Soil-Plant-Atmosphere-Water (SPAW) is software developed by
USDA and the Department of Biological Systems Engineering of Washington State
University (WSU) allows simulate interaction that occurs among soils-plant-water under
different conditions (DeJong, R. et al. 1985).

For this research we have estimated

numerical values for some soil indicators and developed a data base through SPAW and
additional statistical methods (deciles). It has allowed us improve the soil database that
we have obtained from USDA-NRCS adding potential values for each continuous
variable setting intervals for each one. The database created potentially facilitates, save
time, save economic resources and is helpful to predict soil–plant–water interaction
without going to the site. Unquestionably this analysis does not discard the best method
to evaluate it which is sampling soils in-situ but definitely it represents a functional way to
forecast under ArcGIS environment the potential type of soils that are available within
each region at Mississippi.
Switchgrass, Panicum virgatum, is a summer, perennial pasture grass which is
native to North America. This grass is mainly found as a natural element in the tall-grass
prairie that covers the Great Plains, the Black Belt of Alabama and Mississippi in the
southeastern United States, and from Quebec, Canada to Central America. Switchgrass
grows in diverse habitats, ranging from arid sites in the shortgrass prairie to brackish
marshes and open woods (S. McLaughlin, et al 1999). There are two main ecotypes of
Switchgrass; a thicker stemmed lowland hybrid that is better acclimatized to warmer,
moist conditions and a finer stemmed, up-land hybrid that is more often found in mid to
northern regions (Vogel et al. 1985). Switchgrass is resistant to a number of pests and
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plant sicknesses, and it is able to generate high yield of biomass without or with very low
applications of fertilizers (Moser, L.E., et al 2004). In recent years, this pasture grass has
been investigated widely because of its natural properties as an alternative pasture
grass and especially as biofuel source. It represents a valuable crop to develop in rural
areas. The employment of energy crops, such the use of Switchgrass or Corn, as a
resource of renewable fuels represents an important economic significance in the United
States by providing an important source of earnings for farmers. (Moser, L.E., et al
2004). Otherwise, energy produced from this native perennial pasture grass can help to
improve the agricultural soils quality, reduce in some degree the dependence on foreign
petroleum provisions, and can cut down the emissions of gases and various pollutants
that contribute with the global warming. Energy obtained through the transformation of
Switchgrass to a biomass can be used for electricity and as combustible ethanol in the
transportation system and as chemicals in the industry (McLaughlin, S.B. and Adams, L.
2004)
The state of Mississippi has a potential opportunity to take advantage of this
pasture grass, because of the weather and soil characteristics of this State, which are
relatively suitable to grow this pasture. However, these natural characteristics are not
the same through all the State.

Some of those differences are based on soil

characteristics such soil texture, pH, cation exchange capacity, water holding capacity,
drainage, slopes and other parameters.

However, not all these parameters will be

evaluated in this study. Mississippi presents a broad diversity of Ecoregions, 21 at level
IV; it means that ecological and biological diversity within Mississippi is grate (Bryce,
S.A., et al., 1999). According to the Western Ecological Division of EPA Mississippi
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encompass barrier islands and coastal lowlands, great river floodplain forests, rolling
and hilly coastal plains with evergreen and deciduous forests, and a variety of aquatic
habitats.
Most of the previous research related to Switchgrass is associated with the use
of this pasture grass as a source of biofuel. These investigations are strongly oriented to
determine costs of growing Switchgrass for biomass, determine economic impacts in the
agricultural sector and to determine the significance that the use of this grass could have
in the greenhouse gas mitigation.

No previous researches, other than Fuzzy logic

methods by Michele Maxson is related to Switchgrass soil suitability were found, thus
this research may be the one of first ones of this category.
The methods used in the present study were processed, in general, using GIS,
SPAW, ALMANAC, MATLAB, R, and SAS. However, further analyses were performed
using different tools. First, literature review and discussion with experts related with
Switchgrass and the parameters mentioned before were accomplished; after it we could
identify the more significant soil parameters to evaluate soil suitability for Switchgrass.
We considered using the parameters that have numerical data available; however, soil
parameters with nominal data were considered to build a Geodatabase and are useful to
construct thematic maps and solve queries relates with soils. Second we analyzed the
importance and interaction that these parameters have by means of Switchgrass. Third
we initiated the collection, generation and organization of data, analysis of the attributes
that have been considered for each parameter. Fourth, basedone in literature review
and discussion with a panel of experts associated with the topics that this study
encompasses. Fifth, soil parameters were selected as the more important variables to
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evaluate soil suitability to crop Switchgrass at Mississippi. The soil variables selected
are water holding capacity (awc), bulk density (bd), ph (ph), active organic nitrogen (on)
and organic carbon (oc).
Sixth, a potential linear weighted model was built to categorize soil suitability at
Mississippi to crop Switchgrass; this potential model uses the variables mentioned
before. As function of the significance and influence that each soil parameter has to crop
Switchgrass.

Then we allocated a potential range of values (intervals) that each

parameter could use to predict soil suitability thought the model mentioned; the criteria to
set this ranging was considering literature review and discussion with experts. To
determine what model and parameters coefficients (weights) would be the most
appropriated sensitivity analysis was executed. This process contemplates two (three)
phases of evaluation, the first phase considers partial sensitivity analysis which permits
explore the data and behavior of model when only one parameter coefficient is simulated
while the others keep on constant at their mean values. The second phase considers
complete sensitivity analysis and simulates the simultaneous variation designed for all
the parameter coefficients in the model. This simulation outputs 7678 potential models.
To validate the potential model we estimated biomass yield for Alamo Switchgrass; to
accomplish it we used the Agricultural Land Management Alternatives with Numerical
Assessment Criteria (ALMANAC) simulation program.

USDA employs this model to

estimate potential biomass yields for diverse vegetal species as function of data
available in SSURGO database that is a Soil Survey Geographic Database of NRCS.
This is a computer simulation model for plant species such Switchgrass, Corn, etc.
Seven years of field data associated with soils characteristics and weather conditions
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collected by NRCS-USDA have been used as input data to perform the simulation
thought ALMANAC.

Five hundred seventy five (575) sites were set randomly but

distributed proportionally at each soil serie in Mississippi as function of the area; it meant
the larger the area the higher the number of sites and viceversa. The soil series areas
and map considered for this study was collected from official soil map of Mississippi that
MARIS and NRCS-USDA have created mutually. Mean biomass yield values were
collected for each soil serie. To select the best model the Switchgrass biomass yield
obtained though the ALMANAC simulator program was correlated versus each output
(7678 potential models output) obtained in the sensitivity analysis process. After run the
correlations the highest R-square (Pearson’s correlation) was detected to establish the
best soil suitability model.
ArcGIS ModelBuilder was used to implement the best model in ArcGIS. To
assemble this model we first have build a suitability scale for each parameter. Vector
data was converted to raster format on the way to operate it through ArcGIS Model
Builder and using Boolean operators in this process all the data collected for each
parameter was normalized to convert all variables as unitless variables and homogenize
the parameters units. The scale range has five ranks for soil suitability which are: very
good, good, moderate, poor and very poor suitability. To determine the classes’ limits we
have done research, analyzed the official categorization that the governmental agency
NRCS-USDA use and discussed with professionals about this matters. To complete the
ArcGIS simulation, first, four submodels were built and then merged. The parameter
‘coefficients used in this model were those that were obtained from the sensitivity
analysis described above. In addition; a Geodatabase associated with soils have been
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built and implemented in GIS to further and future use. This data permits forecast rapidly
soils characteristics that Mississippi territory encloses within GIS environment. The data
used has been obtained from NRCS-USDA, MARIS, etc. In addition, some data
employed was developed using the SPAW computer model developed by USDA and the
Department of Biological Engineering of Washington State University and supplementary
statistical methods. The model output could present high uncertainties because of the
magnitude of the area assed and for the reason that some of the soil and weather
variables that we used fluctuate as function of the environment conditions. Suitability
maps were created to define the areal scope and values of each parameter and factor
and finally the soil suitability map for Switchgrass was produced. Final analysis and
debates permit us output relevant conclusions and recommendations.
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CHAPTER II
LITERATURE REVIEW

Switchgrass
Moser, L.E. et al (2004) cited that Switchgrass (Panicum virgatum) is an erect
warm season perennial grass native to North America.

Switchgrass native habitat

includes the prairies, open woods, brackish marches and pinewoods of most North
America. It is polymorphic specie with two distinct ecotypes, lowland and upland two
main ploid levels, tetraploid and octoploid.

Ecology of Switchgrass
Parrish D.J. and Fike, J.H. (2005) cited in a study related to biology and
agronomy of Switchgrass that few herbaceous crops are as well adapted across a
variety of growing conditions found as Switchgrass in North America. This flexibility is
unquestionably due the great genotypic and phenotypic distinction observed within
species. Switchgrass naturally grows from Central America to southern Canada and
from the eastern Atlantic coast to western Arizona and Nevada. There are longitudinal
differences in adaptation among Switchgrass cultivars that have been observed. In
addition authors highlight that cultivars grown in eastern North America have often
provided evidence of less productivity than those grown in the southern region. Due to
its wide geographic distribution, Parrish D.J. et al. 2005 cite that Switchgrass is adapted
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to different edaphic conditions. Switchgrass is grouped in two broad classes that are
related to its location in the landscape: lowland and upland.

The lowland type is

associated with lower and more hydric areas, while the upland type is associated with
higher and mesic locations. Alamo Switchgrass is a lowland type and is better adapted
to lower latitudes and soils with higher moisture content.
Moser, I.E. et at (2004) published detailed information associated with warmseason grasses; the authors of this study highlight that there are two main ecotypes of
Switchgrass; a thicker stemmed lowland hybrid that is better acclimatized to warmer.
Moist conditions and a finer stemmed. Up-land hybrid is more often found in mid to
northern regions (Vogel et al. 1985). Switchgrass is resistant to a number of pests and
plant sicknesses, and it is able to generate high yield of biomass without or with very low
applications of fertilizers.
McLaughlin, S.B. et al (2004) conducted a study associated with the
development of Switchgrass; they published that energy produced from this native
perennial pasture grass can help to improve the agricultural soils quality, reduce in some
degree the dependence on foreign petroleum provisions, and can cut down the
emissions of gases and various pollutants that contribute to the global warming. Energy
obtained through the transformation of Switchgrass to a biomass can be used for
electricity and as combustible ethanol in the transportation system and as chemicals in
the industry.
Parrish D.J. et al. (2005) cited that soil type, characteristic that is strongly
associated with water holding capacity of soil has significant influence for establishment
and growth of Switchgrass. In addition this study remarks that fine-textured soils with
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higher water holding capacity promotes Switchgrass seedling survival, mainly in warm,
sites. Lowland types are in general more sensitive to moisture shortage than upland
types. Soil acidity is not regularly a limiting factor in the establishment and growth of
Switchgrass. Seedlings are very tolerant to acid soils and it can support pH levels of 3.7.
Parrish et al (2005) mention that mutualism with fungi generates vesicular-carbuncular
Mycorrhiza; it is a factor that improves the adaptation of Switchgrass to some generally
very restrictive edaphic situations. Also they cite that the symbiosis between Switchgrass
and fungus supplies C substrate for fungus while the fungal symbiotic provides nutrients
(P, N, etc) for the plant.
Cassida et al (2005) who developed a study related biomass yield and sites
characteristics cites that some studies have shown that Mycorrhiza improves
Switchgrass tolerance to soil acidity and that this capability fluctuates by fungal strain.
Studies advise that the occurrence of Mycorrhiza can improve the productivity and stress
resistance of Switchgrass as well as diminish fertilizer inputs for biofuel production.

Potential uses of Switchgrass
Ma, Z. et al (2000) developed a study related with soil management
characteristics of Switchgrass mention that this was originally constrained to the tall
grass prairie and occurred in no forested areas through the eastern two-thirds of US
earlier than European arrived. Its initial use and most of the research associated with
Switchgrass is related with forage; in addition, Ma cite that relatively little research has
been associated with Switchgrass as a crop specie. However, in the last two decades
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Switchgrass has being broadly studied as an excellent source to generate bioenergy. In
addition, the same authors comment that Switchgrass has significant value for soil
erosion control at the landscape level, for stream side or levee stabilization, as well as in
stream side buffers or vegetative filters.
Parrish et al (2005) mentions that Switchgrass can play a significant role in
stream sides buffers, or vegetative filter strips, due to the morphology of the plant,
whose stiff stem can act as barriers, or hedges, to decrease runoff, improve infiltration,
and support in-field sedimentation. Switchgrass can also be distributed through field
boundaries or alongside streams to reduce runoff losses of N and P. Switchgrass has
wide adaptation and relatively high tolerance to adverse edaphic conditions, thus in
many cases is useful for revegetating areas that have been significantly disturbed and
locations with high levels of phytotoxic materials (Parrish D.J. et al 2005)). Another
ecological value attributed to Switchgrass is associated with wildlife habitat, in particular
for birds that use the seeds of this pasture as source of aliment and as grassland birds.
Some researchers recommend that Switchgrass for energy systems can be reduced to
minimize unfavorable effects at least on grassland birds.

Taxonomy of Switchgrass
Switchgrass is a pasture grass that grows 0.5 to 3.0 m tall. Most of the genotypes
are caespitose but some are rhizomatous. Alamo Switchgrass is a caespitose genotype;
it has short rhizomes and it is able to generate a sod over time. The inflorescence is
characterized because it has dispersed panicle 15 to 55 cm long with spikelets in the
direction of the end of long branches. Leaves have rounded sheaths and firm flat
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Blades; its lengths may vary from 10 to 60 cm. The reproduction of Switchgrass is by
seeds, tillers and rhizomes. (Moser, L.E. et al. 2004). The Alamo variety is a lowland
Switchgrass type that is adapted to flood plains and can survive in areas that are subject
to inundation. Lowland types are taller, coarser in wide-ranging, rust resistant, and are
faster than upland types. (Moser, L.E. et al. 2004).

Genetics of Switchgrass
Switchgrass has tiny chromosomes and are hard to count; it has a central
chromosome number of x=9. Most of the Switchgrass cultivars are tetraploid (2n=4x=36)
and octoploid (2n=8n=72). (Moser, L.E. et al. 2004). All lowland varieties are tetraploids
while uplands present both types. Several studies have tried to relate ploidy ranks to
morphological qualities and geographical allocation but the results are still unconcluded.
(Moser, L.E. et al. 2004).
Switchgrass is cross-pollinated specie, and its pollen is dispersed by wind.
Switchgrass has two cytoplasm types, ‘L’ and ‘U’ based on chloroplast DNA (cpDNA)
polymorphisms that are connected with the lowland and upland ecotypes, in that order.
A molecular map for Switchgrass is still is incomplete. (Moser, L.E. et al. 2004).

Distribution and adaptation of Switchgrass
Switchgrass is photoperiod responsive and it needs short days to tempt
flowering. The photoperiod requirements are directly related with the latitude where they
evolve and also it seems to be linked with winter survival. Southern types planted too far
north will not survive in winters due to the vegetative state which is too late in the fall. In
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general, according to Moser, L.E. et al. (2004) Switchgrass germplasm should not be
moved more than more than one USDA Plant Hardiness Zone north of its area of origin
because of the possibility of stand losses from winter injury.’ Otherwise, Switchgrass
accepts an ample range of soil types, from sands to clay.

Physiology and growth of Switchgrass
Switchgrass is C4 specie. Thus it has the anatomical and physiological features
of C4 grasses. The germination and development of Switchgrass seedlings occur at
temperatures lower or equal to 20 Celsius degrees. Seedling dates for Switchgrass are
similar to those for maize (Zea mays.) Switchgrass seedlings have the panicoid seedling
morphology; the emergence of seedling is a result of elongation of the mesocotyl or the
subcoleoptil internode which press on the crown node and the coleoptiles. Once the
coleoptile reaches the ground surface, light provokes the mesocotyl to discontinue the
elongation. Vigorous enough roots that are needed for seedling and plant endurance
arise from the crown node at the bottom of the coleoptile close to the soil surface.
Planting seedling deeper than 1.00 cm can have a negative effect on field establishment
for the reason that more seedling reserves are required for mesocotyl elongation.
Planting dates must be scheduled for periods when the possibility of precipitation is high
and soil temperatures are adequate to germinate the seed (Burson, B.L. et al. 2004).
Growth of Switchgrass for the first year is strongly associated with soil moisture,
fertility and competition from weed and other species. New growth for the spring must be
started from axillary buds on the steam, crown, or rhizomes. As previously mentioned
the development of Switchgrass is location dependant since flowering is related with
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photoperiod level. At the maturity the physiological development of Switchgrass it is
highly correlated to the day of the year. (Burson, B.L et al. 2004)

Switchgrass for biofuel
Currently, most of societies have an overwhelming dependence on fossil fuels
such as petroleum, coal and natural gas; all non-renewable resources. This situation
has encouraged researchers to find new sources of energy or face global economic
commotion. The employment of energy crops created in US farms as a resource of
renewable fuels is a concept with great relevance to current ecological and economic
problems at national and global levels. The development of perennial forages such
Switchgrass as biofuel can benefit the income of farmers (McLaughlin, S., et al. 1999).

Soil factors that affect Switchgrass cultivate
The introduction of Switchgrass into regular cropping system will fundamentally
depend on its potential for real production, economic benefit for farmers and biofuel
industries. (Di Virgilio et al. 2007).

The biomass yield of Switchgrass (Panicum

virgatum) is influenced by many factors such as not recovering all the biomass at
harvest, pest influences, diseases and spatial variation of soil characteristics.

Soil

parameters may vary abruptly within relative short distances and it yield is influenced by
these parameters. It is important to predict the potential variation of different soil
parameters in order to estimate the potential yield of this pasture grass. However, yield
forecasts of Switchgrass are still uncertain. Farmers typically estimate the mean yield,
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but they do not take intrinsic soil dissimilarities into account, leading to the common
practice of managing turf uniformly across fields (Di Virgilio et al. 2007).
Monti et al (2007) initiated an experiment in Italy (latitude 34۫ 25’; longitude 11۫ 28’
and 80 m a.s.l) in a field of 4.8 Ha. According to USDA the soils texture that were
considered in the experiment were loam, clay-loam and silty-clay-loam with relative
dominance of clay-loam type. To evaluate the yield variability, two post winter crops
(2004 and 2006) were planted. Sixty soil samples strategically distributed in the field
were collected at the period of emergence. Sand (SC), silt (SiC), clay (CC), organic
matter (OM), pH, and total N (N) content were assessed in the top 0.3 m. 100 samples
of soil moisture content (SM) was assessed during emergence in the top 0.3 m. (Di
Virgilio et al. 2007). Biomass yield was considerably correlated to most of these soil
parameters. Yield was positively correlated with N, P, and SM and negatively correlated
with pH. Table 2.1 presents the correlations coefficients output after using Pearson’s test
at P < 0.05 for biomass yield for the years 2004 and 2005 ( Y04 and Y05) and soil
parameters.
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Table 2.1
Correlation coefficients for biomass

Source: Di Virgilio et al. (2007)

In wide-ranging the overall yield evaluation suggested that Switchgrass is
strongly influenced by soil variability and that the average real Switchgrass yield can be
considerably lower than its potential (Di Virgilio et al. 2007).

Water holding capacity (awc) and Switchgrass
Available water capacity is associated with two parameters; field capacity and
wilting point. These parameters will be defined first.
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Field Capacity (fc):
Field capacity is the quantity of water held in soil after the excess water has
drained away and the rate of downward movement has materially reduced, that normally
occurs within 2 - 3 days after precipitation or irrigation in pervious soils of uniform
structure and texture. (Brady, N.C., et al. 1999)

Wilting Point (wp):
Wilting point is defined as the soil wetness at which a plant wilts and can no
longer recover its turgidity when it is placed in a saturated atmosphere for 12 hours. In
other words, wilting point occurs when the plants fall under stress as consequence of the
deficiency of moisture in the soil. (Brady, N.C., et al. 1999)
Available water capacity or water holding capacity is the amount of water
available to plants from the time the soil stops draining water to the time the soil
becomes too dry to prevent permanent wilting. This means that water readily available
to plants is the difference between water content at field capacity (FC) and wilting point
(WP). Equation 2.1 presents the mathematical relation:

awc = fc – wp

(2.1)

where:
awa

= Water holding capacity (%Vol)

fc

= Field capacity (%Vol)

wp

= Wilting point (%Vol)
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Figure 2.1, 2.2 and 2.3 illustrate graphically the equation cited above as function of soil
texture:

Figure 2.1
Water holding capacity diagram
Source: http://www.directfocus.com/canolamanual/images/ch4/fig11.png
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Figure 2.2
Soil moisture range
Source: http://www.acclima.com/Pictures/soil%20diagram.jpg

Soil holds water in different ways and not all of this water is accessible to plants.
Chemical water is an essential component of the molecular composition of soil minerals.
This water is normally tightly held by electrostatic forces to the surface of clay crystals
and other minerals, thus it is not available to plants. The rest of water in soil is stored in
pores. The total amount of water that soil can stores and the amount that it can provides
to plants is strongly related with the number and size of its pore dimension. (Brady and
Weil 1999). Soil texture and soil structure are important factors that influence the soil
awc. Gravitational water is stored in large pores and quickly drains and it may be
exhausted due to the gravity; gravitational water is only available for plants for a few
days after rain. Capillary water is stored in pores which are small enough to store and
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keep water under gravity force, but not so tightly thus roots can not take water up.
Capillary water is the major source of water for plants. The capillary water can move in
different directions as a function of the suction effect that plant roots can create.
Capillary water can be drawn (sucked) upwards through soil for up to two meters (Brady
et al. 1999). The larger the pores, the less resistant they are to removal of water and
viceversa. After irrigation or long rain most of the soil pores are occupied with water but
about 24 hours later water drains out by the gravity effect leaving the soil at its field
capacity. Then vegetation draws available water out of the capillarity pores, effortlessly
at first and then with increasingly effort until no more water can be withdrawn; at this
stage the soil moisture is at wilting point. If this stage is maintained constantly for too
long, the plant death. Figure 2.3 illustrates the potential water content in a soil pedon.

Figure 2.3
Stages of water holding
Source http://www.bettersoils.com.au/module3/3_09.htm

21

Agriculturalists professionals and technicians in this field, are required to have
knowledge of the awc thus that water can be applied earlier than plants that have to use
unnecessary energy to extract soil water. In addition to AWC, organic matter and
carbonate level content also have an effect on soil moisture content.
Sands normally have low AWC; however, because most of the water is
accessible, root plants can make use of it during short precipitation periods or under
irrigation. Conversely, clays are able to hold large amounts water but the water is held
tightly and these soils normally have elevated wilting points. They also require major
precipitation/irrigation to be able to make available water to vegetation (Brady and Weil
1999). Table 2.2 presented below displays the association that USDA has output to
weigh Awc against soil texture.

Table 2.2
Water holding capacity ranges

Source: USDA
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Table 2.3 displays average Awc, FC and WP of the main texture groups. However,
values vary also a function of the organic matter content and the type of structure.

Table 2.3
Texture and water content
Texture

Field Capacity Wilting point Available water

Coarse sand

0.6

0.2

0.4

Fine sand

1.0

0.4

0.6

Loamy sand

1.4

0.6

0.8

Sandy loam

2.0

0.8

1.2

Light sandy clay loam

2.3

1.0

1.3

Loam

2.7

1.2

1.5

Sandy clay loam

2.8

1.3

1.5

Clay loam

3.2

1.4

1.8

Clay

4.0

2.5

1.5

Self-mulching clay

4.5

2.5

2.0

Source: Department of Agriculture Bulletin 462, 1990

A soil texture study done in southern Texas, 2002 in a greenhouse tested the
upper 0.15 m of four different soil series. The purpose of this study was to find out the
influence of soil texture and soil water holding capacity on Alamo Switchgrass
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emergence and seedling growth Soils included in this study were Bowie (very fine sandy
loam), Darco (loamy fine sand), Westwood (silt loam) and Houston (clay). Soils were
watered every 3 to 4, 7, 10 to 11, or 14 days. The study was done on March 30th and
repeated on May 29th and July 24th. Run generated significant (P < 0.001) correlations
for most of the measurements related with soil series and watering interval. Soil moisture
levels in the 3 days watering management on May 29 was significantly lower than for the
other two experiments. During this period no rainfall occurred thus the soil surfaces
were rapidly drained. Soil moisture levels were maintained at a maximum for the 3 days
watering period and moisture levels decreased as watering interval diminished. (Evers,
W.G. et al. 2003). Similar soil moisture was detected at 10 and 14 days watering
interval. Soil moisture levels for this study are presented in figure 2.4.
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Figure 2.4
Soil moisture levels of four soils series
Source: Evers, W.G. et al. (2003)
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The very sandy loam and loamy fine sand presented similar soil moisture levels;
the moisture levels observed were close to 0 g kg-1 for the 10 and for the 14 days
watering interval raised levels. For the 3 days watering interval the moisture level raised
values went from 100 to 150 g kg-1. Silty loam moisture levels recorded were always
above 50 g kg-1 and the maximum levels fall in the range of 200 to 250 g kg-1 at the 3
days watering interval. The clay moisture levels were the highest with minimum values
of 100 g kg-1 and maximum of 300g kg-1 at the 3 days watering interval (Evers, W.G. et
al. 2003)
Emergence percentage changed among soils according to run dates. For March
20th on silty loam emergence at first was slow, but the quickly increased between 12 and
16 days after planting as similar level of emergence of the very sandy loam (Evers, W.G.
et al. 2003). For July 24th run, seedling emergence was the fastest in the loamy fine
sand soil and slowest in the very fine sandy loam and silt loam. For 28 days after
planting there were no significant differences of emergence percent between watering
intervals at the March 30th and May 29th run. However differences were more significant
at July 24th because of the greenhouse higher temperatures. (Evers, W.G. et al. 2003).
Table 2.4 presents the interaction of run date and soil texture on seedling emergence for
28 days after planting.
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Table 2.4
Interaction of run date and soil texture

Interaction of run date and soil texture on seedling emergence 28 d after planting
Run date
Soil

30 Mar.

29-May

24-Jul

------------------ Emergence (%) --------------Very fine sandy loam
Loamy
Silty loam
Clay
LSD (0.05)

67.2
69.5
85.2
84.4
17.4

81.3
57.7
84.4
55.5
15.5

60.2
86.7
57
73.4
17.4

Source: Evers, W.G. et al. 2003

For March 30th run seedling survival was higher at the 3 and 7 days watering
intervals than at the 10 and 14 days watering intervals. For 29 May run seedling survival
was good for all soil types when those were watered at 3 and 7 days. Any of the
seedlings survived in the loamy fine sand with 10 to 14 days watering interval; this is
because of the low water holding capacity of this soil type. Seedling survival was 100%
for all the clay soils at all watering intervals and it was the unique soil in that seedlings
survived at the 14 days watering interval. This is an indication that clay soils have higher
water holding capacity than other soils (Evers, W.G. et al. 2003). Moisture stress was
higher with the more elevated temperature during July 24th run (Evers, W.G. et al. 2003).
Figure 2.5 presents the interaction of soil type and watering on percent survival of
emergence seedling for 28 May and 24 July run dates.
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Figure 2.5
Interaction of soil type and watering interval
Source: Evers, W.G. and Parsons, ET AL. 2003

This study revealed that weekly rainwater or irrigation is needed for good
Switchgrass emergence, survival and seedling growth (Evers et al, 2003). Otherwise,
moisture turns out to be more critical as daily temperatures increase from spring in the
course of summer, especially on sandy soils. (Evers et al, 2003).
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Another study evaluated the feedstock yield from Switchgrass for southern U.S.
regions. Switchgrass plants were harvested at different ecosystems at five different
locations across Texas, Arkansas, and Louisiana that varied in latitude and precipitation.
The plants were weighed up for dry matter yield, plant density, tiller density and other
indicators. All the plants through the experiment were highly sensitive to differences in
soil moisture availability (Cassida, K.A. et al. 2005).

In addition, yields showed a

general linear relationship with latitude across most sites, with most variations explicable
from divergences in moisture availability (Cassida, K.A. et al. 2005).
According to The biology and agronomy of Switchgrass for biofuel publication
differences among cultivars in water use do happen, and water holding capacity is an
important soil characteristic to take in account if the region of Switchgrass production is
large. (Parrish D.J. et al. 2005)
A study, based on a ten years research, sponsored by US Department of Energy
(DOE) established that Alamo is the best commercial variety of Switchgrass for the low
land regions in the Deep South (McLaughlin, S.B. et al 2004). This study was conducted
in Texas and Alabama. The total annual rainfall was found to explain more or less 45%
of the annual variability in Alamo Switchgrass yield in Alabama. However in Texas the
total annual precipitation did not predict well yield because the evaporative demand is
higher and the water holding capacity during the period

of May to July was more

significant as a determinant for Switchgrass yield. (McLaughlin, S.B. et al. 2004). Figure
2.6 presented below shows long term yields of Alamo from Auburn and Alabama
contrasted to annual and growing season rainfall for 2000.
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Figure 2.6
Temporal Alamo Switchgrass yield
Source: (McLaughlin, S.B. et al. 2004)

Organic Nitrogen (on) and Switchgrass
Switchgrass may support low fertility environments but it responds positively to
fertilizers. Nitrogen applications improve significantly the biomass yield of this pasture; it
varies with location and is mainly dependant upon water available and harvest
management. Switchgrass and other C4 grasses must be fertilized in tardy spring, time
when they initiate its growth. Fertilization at early spring stimulates growth of weed
competition. (Moser, L. et al 2004)
McLaughlin, S.B. et al 2004 concluded that the administration of nitrogen is a
significant factor for bioenergy system. For Switchgrass, nitrogen and water are the
major resources that limit the biomass yield. Yield responds to natural and
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anthropogenic applications of fertilizers such nitrogen, potassium, calcium and
phosphorus, but a significant positive response of productivity is associated with
fertilization has been encountered only with nitrogen (McLaughlin, S.B. et al 2004).
A study named Impacts of soil management on root characteristics of
Switchgrass that was output in 2000 determined the influence of nitrogen (N) rate,
Switchgrass cultivar and soil type on Switchgrass roots. Alamo Switchgrass was planted
in spring of 1992 on a Norfolk sandy loam soil at EVE. Research Center, Shorter, AL.
Nitrogen was applied as ammonium nitrate (NH4NO3). Timing of nitrogen application
was divided half and half between early February and mid-October for every year (Ma,
Z. et al 2000). Nitrogen increment in general did not influence root weight density in
whichever the intrarow or interrow (Ma, Z. et al 2000) when compared with no
application of N; however, the above ground productivity was increased significantly
after N applications (Ma, Z. et al 2000).
According to Parrish et al. (2005) Alamo Switchgrass planted on two Texas
locations were fertilized once per year for 7 consecutive years, the researches found that
an annual application of 168 kg N ha-1 was near optimal for one site but for the other
site nitrogen needed to be augmented to a minimum application of 224 kg N ha-1 to
achieve similar yields. There were more studies with Alamo at Alabama and also Texas
that reported different N requirements as the optimal inputs. The results of all of these
studies revealed that Switchgrass has a greater response to N (Parrish D.J. et al. 2005),
but there are no consensuses on recommendations for amount of N kg. Ha-1 because of
yield varies due the interaction of N with other soil parameters. (Parrish D.J. et al 2005).
Most of the studies related with Switchgrass N fertilization are associated and
emphasized with forage uses; however, N needed for biomass production should require
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less N content, perhaps as low as 50 N kg ha-1 (Parrish D.J. et al. 2005). Table 2.5
characterizes different studies associated with N applications and Switchgrass N
removed responses.

Table 2.5
Nitrogen applied and removed in biomass harvested.

Source: Parrish D.J. et al. (2005)

According to Di Virgilio et al. (2007) soil N evaluation has been shown to be very
important for yield spatial variation in annual Switchgrass harvests. The positive effect
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of N on Switchgrass was determined in plot experiments done by Reynolds et al. by
2003.
The department of Plant and Soil Sciences, Mississippi State University and
NRCS conducted a study to evaluate the response of Switchgrass to nitrogen in 1997.
The study determined the yield, quality and persistence for three varieties of Switchgrass
under different levels of nitrogen. Nitrogen was applied at the rate of 34-0-0, 0, 30 and
60 lb/ac after each harvest. Alamo biomass production responded positively and linearly
to N rate, but it did not affect stand persistence. There were important interactions
between Switchgrass and N rate for various other variables. Table 2.6 summarizes the
responses for the three varieties of Switchgrass at different levels of N application. The
trend illustrated is, in general, higher N applications result in higher yields. (Lang, D.J. et
al 2000

33

Table 2.6
Switchgrass response to Nitrogen, 2001

Source: Lang, D.J. et al (2000)

Bulk density (bd) and Switchgrass
Bulk density (BD) is an important soil parameter and is estimated by measuring
the mass of dry soil per unit of volume (g/mol or g/cc). This volume encompasses pores
and solids (Brady, N.C., et al. 1999). Equation 2.2 presents the relation among the
parameters mentioned.
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bd

= (mds - mr) / (vds – vr)

(2.2)

where:
bd

= Bulk density (g/L or g/cc)

mds

= Mass of dry soil (g)

mr

= Mass of rocks (g)

vds

= Volume of dry soil (mL)

vr

= Volume of rocks (mL)

Bulk density of the soil has a significant role in determining whether the soil has
desirable physical properties for plant growth. Soils with a low percentage of pore space
to solids have higher bulk density than those that are less compact and have more pore
space. Bulk density suitability for plants varies from species to species. High bulk density
causes stress in the plant roots detaining the regular root penetration within the soil
strata (Brady, N.C., et al. 1999). The effects of bulk density and hence strength on
maize (Zea mays L.) was investigated by evaluating the morphology and mechanics of
field grown plants with low and high bulk density. Soils with low bulk density had a
considerably lower penetration resistance (118 + 4.4 KPa) than the soil that presented
high bulk density (325 + 12.2 KPa) with P<0.0001 (Goodman, A.M. et al. 1999)
Switchgrass is a C4 grass such maize, (Zea mays L. date?) (Moser, L.E., et al.
2004), thus these pasture grasses have some similarities. A study by the Department of
Crop and Soil Sciences, University of Georgia established that increasing soil bulk
density (SBD) higher than some threshold value diminishes plant root growth and
possibly can reduce water and nutrient acquisition. Root penetration into soil and root
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propagation in soil horizons determine the amount of water and nutrients that a plant can
access. Root growth within soil occurs in existing pore space.

Normally, root

development rate decreases as soil bulk density increases. This correlation could
fluctuate among soil types and among soil water contents. Two studies were carried out
on a loamy sand soil at SBD ranging from 1.25 g cm-3 to 1.66 g cm-3; rhizotrons with a
soil with a soil layer of 7 mm bulky were utilized and pre-germinated plants were grown
for 15 days. The shoot growth was not prejudiced while total root length was reduced by
30% when the SBD was increased to the higher value. Complete growth rate of seminal
roots was highest in the upper layer and declined with increasing distance from the
surface. The increment of SBD enlarged this effect by 20% and 50% for the upper soil
layer and the lower soil layer in that order. (Kuchenbuch, R.O. et al. 2004).

PH (pH) and Switchgrass
Soil pH is a measure of soil acidity; a ph of 7 is neutral, a pH above 7 is alkaline
and a ph below 7 is acid. Soil pH is a parameter that influences the all soil properties,
chemical, physical and biological (Brady, N.C. et al. 1999).
Soil pH measures the number of hydrogen ions in the soil solution. PH is measured as
the negative logarithm of the hydrogen ion concentration which results in the standard
pH scale that range from 0 to 14 (USDA Soil Survey Division Staff. 1993). Table 2.7

presents pH ranges.
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Table 2.7
Descriptive ranges for soil pH

Source: USDA Soil Survey Division Staff. 1993

This parameter, pH, controls plant nutrient availability and microbial reactions in
soils. It has effects on what trees, shrubs, or grasses will govern the landscape under
natural conditions and determines which cultivated crops will grow successfully in given
field site(CITE).

While many plants can accept pH ranges between 5.1 and 7.8, most

plants grow best in mineral soils when pH is in between 6.0 and 7.0 (slightly acid to
neutral). However, most of the grasses grow best in the range between 5.5 and 6.5
(Brady, N.C. et al. 1999). Switchgrass is a flexible plant, great pH fluctuations can be
tolerated during stand establishment. Hanson, et al. (2004) conducted a study in New
Mexico to evaluate the relations between temperature and pH on Switchgrass seed
germination. Seeds of eight Switchgrass cultivars were germinated at five temperatures
and nine pH ranks. They determined that the optimal pH was 6.0 for most favorable
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germination; Switchgrass should be successfully germinated in soils with a range of pH
from 5.0 to 8.0. Germination was considerably reduced when pH was less that 5.0 and
greater than 8.0. For optimum germination, Switchgrass is recommended to be planted
in warm soils and with pH range of 5.0 to 8.0 (Hanson, J. et al. 2004).
According to Pfaff, S. et al (2002) Panicum virgatum L – Switchgrass PAVI2 Alamo can
be successfully grown when soil pH is within the range between 4.5 and 7.5.
Monti et al (2007) studied the effects of soil texture on Switchgrass yield.
Textural classes that were considered in the experiment were loam, clay-loam and siltyclay-loam with relative dominance of clay-loam type. To estimate the yield variability,
two post winter crops (2004 and 2006) were done. Sixty soil samples strategically
distributed in the field were collected at the period of emergency. Sand (SC), silt (SiC),
clay (CC), organic matter (OM), pH, and total N (N) content were assessed in the top 0.3
m. 100 samples of soil moisture content (SM) was assessed during emergence in the
top 0.3 m. (Di Virgilio et al. 2007). Biomass yield was considerably correlated to most of
soil parameters. It was negatively correlated with pH. Table 2.1, presented above output
the correlations coefficients output after the use of Pearson’s test at P < 0.05 for
biomass yield for the years 2004 and 2005 ( Y04 and Y05) and soil parameters, included
pH. (Di Virgilio et al. 2007).
Parrish, D.J. et al (2005) emphasized that the effect of pH on yield seem to be
different with factors that are connected with pH variations, but there are not always
documented in liming studies. A study (1998) reported that limestone was applied on pH
4.3 to 4.9 soils and improved yields by 5 to 30 percent over a range of N rates and
years. Parrish, D.J. et al (2005) found that limestone improved productivity in the
establishment year, but this were not improved in the subsequent years. Otherwise,
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Bredja et al. (2000) found that, in general, warm season grasses tolerate moderate soil
acidity, but liming is beneficial in very acid soils, especially with supplementary N
(Parrish D.J. et al. 2005)

Sensitivity Analysis
Sensitivity analysis is a procedure for examining the effects of variations in model
parameters on the optimal solution. This analysis permits observation of the magnitude
of discrepancy to the objective vector by an arbitrary alteration vector for which the basis
of the existing most favorable solution (Chinneck, J., 2000).
Sensitivity analysis is employed to estimate how “sensitive” a model is to
variations in the value of the parameters that the model utilizes and to variations in the
structure of the model. Parameter sensitivity is normally executed as a series of tests in
which the modeler sets dissimilar parameter values to distinguish how a change in the
parameter generates a variation in the dynamic performance of the outputs. By showing
how the model behavior acts in response to variation in parameter values, this analysis
is a functional instrument to build models and model assessment (Forrester, J.W. et al.
2001).

Sensitivity analysis is useful to obtain confidence in the model through the

analysis of the uncertainties which are frequently connected with the parameters of the
model. Sensitivity analysis permits establishment of what level of accurateness is
required for a parameter to construct the model that is adequately functional and suitable
(Forrester, J.W. et al. 2001). Sensitivity analysis can also show what parameter values
are sensible and useful to employ in the model (Forrester, J.W. et al. 2001).
Over parameterization is often a common problem that occurs in different models.
Sensitivity analysis is a technique that intends to diminish the number of parameters.
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These techniques detect parameters that do or do not have considerable influence on
model simulations of real world observations for particular catchments (Van Griensven,
et al. 2006)
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CHAPTER III
DATA AND METHODOLOGY

Study Area
The region considered for this study is the State of Mississippi which is located in
the southeast of the United States of America. Mississippi is delimited on the east by
Alabama, on the north by Tennessee, on the west by Arkansas and Louisiana and on
the south by Louisiana and the Gulf Coast. Most of this State is composed by low hills,
like as North Central Hills in the north, and the Pine Hills in the south. We can find
somewhat higher elevations in the Fall Line Hills and the Pontotoc Ridge in the northeast
region; this region is a fertile black terrain that expands into the Black Belt. The coast of
Mississippi encompasses Pascagoula, Biloxi and Bay Saint Louis and it is in part divided
from the Gulf of Mexico by the Cat, Horn, Ship and Petit Bois islands. The Mississippi
Alluvial Plain, known as the Mississippi Delta, is located in the northwest of the State;
this section has rich soils which partially are made up of silt deposited by floodwaters of
the Mississippi River Bryce, S.A., (Omernik, J.M., et al.1999). The climate of Mississippi
is hot and humid. It belongs to the category of subtropical climate; it present long
summer and short mild winter. Average temperature in July is around 82 F (29 C) and in
January about 48 F (10 C). Most of the area in Mississippi is covered by wild trees such
cottonwood, pines, elm, oak, pecan, sweet gum, etc, thus lumber is one of the most
important industries in this State.

The dominant soils in Mississippi are Aquepts,
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Aqualfs, Aquents, Udolls, and Udalfs. These soils are deep and medium textured. Most
of them have udic or aquic moisture regime, termic temperature and smectitic or mixed
mineralogy.

The dominant soils are Aquepts, Aqualfs, Aquents, Udolls, Udults, and

Udalfs. They are deep, medium textured, and fine textured soils that have an udic or
aquic moisture regime, a thermic temperature regime, and mostly smectitic or mixed
mineralogy (Bryce, S.A., Omernik, J.M., et al, 1999). Figure 3.1 shown below highlight
in orange the location of Mississippi within U.S.
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Figure 3.1
Study area
Source: http://www.mapsofworld.com/usa/states/mississippi/html

Software used
This project has used the following software: ArcGIS 9.2, SPAW 6.02.70, SAS 9.2,
MATLAB R2007, R 2.5.1, ALMANAC model and Microsoft Office 2003.

Data
Data used in this study include: fundamentally vector data, attribute data, and raster
data.
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Vector data:
We have used for this project vector data obtained from Mississippi Automated
Resource Information System (MARIS), which is a State organization, and from
Environmental Protection Agency (EPA), which is a Federal organization.

Soil

associations’ shapefile (stgo.sph) was downloaded from MARIS and the Ecological
regions shapefile (eco.shp) was downloaded from EPA. Complementary vector data,
such as hydrologic, physiographic, and administrative coverage’s, was also used as
reference in our analysis. These shapefiles were projected on the same coordinate
system:

Data Type: Shapefile Feature Class
Shapefile: C:\***.shp
Geometry Type: Polygon
Projected Coordinate System: mstm
Projection: Transverse_Mercator
False_Easting: 500000.00000000
False_Northing: 1300000.00000000
Central_Meridian: -89.75000000
Scale_Factor: 0.99983350
Latitude_Of_Origin: 32.50000000
Linear Unit: Meter
Geographic Coordinate System: GCS_North_American_1983
Datum: D_North_American_1983
Prime Meridian: Greenwich
Angular Unit: Degree (MARIS)

Raster data:
To complete the surface analysis, which is associated with the generation of hillshades,
contours, slope and aspect, the acquisition of raster data was significant. The source of
the topographic data used in this study is the United States Geological Survey (USGS)
and MARIS. The format is a Digital Elevation Model (DEM) which is the result of the
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assemblage of several DEMs at 10 meters of resolution; this assembled DEM have been
converted from 10 meter resolution to 30 meters resolution to facilitate its use. The
assemblage was done using ArcInfo by William Cooke III, professor and researcher at
Mississippi State University. The final DEM obtained has named dem_10-30_alb and
encompass the following spatial characteristics:

Horizontal coordinate system
Projected coordinate system name: Transverse Mercator
Geographic coordinate system name: GCS_North_American_1983
Details
Map Projection Name: Transverse Mercator
Scale Factor at Central Meridian: 0.999830
Longitude of Central Meridian: -89.750000
Latitude of Projection Origin: 32.500000
False Easting: 500000.000000
False Northing: 1300000.000000
Planar Coordinate Information
Planar Distance Units: meters
Coordinate Encoding Method: row and column
Coordinate Representation
Abscissa Resolution: 30.000000
Ordinate Resolution: 30.000000
Spatial data description
Raster dataset information
Raster format: ERDAS IMAGINE
SDTS raster type: Pixel
Number of raster bands: 1
Raster properties
Origin location: Upper Left
Have pyramids: TRUE
Has colormap: FALSE
Data compression type: Run-Length Encoding (ESRI)
Display type: pixel codes
Cell information
Number of cells on x-axis: 11081
Number of cells on y-axis: 17937
Number of cells on z-axis: 1
Number of bits per cell: 8
Cell Size
X distance: 30.000000
Y distance: 30.000000(MARIS)
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Attribute data
For this project we have collected and compiled information from diverse
sources. Most of the soil data was collected from NRCS-USDA, specifically from Official
Soil Series Descriptions (OSD) website and from SSURGO. Some of the data that we
used was developed by us using the software SPAW, statistical methods, and MATLAB
R2007a. Further explanation related with this data will be done in the next sub-section,
Methodology.

Methodology
The first phase of this research set the problem and objectives.

Next, we

reviewed the literature and did the research among experts associated with the topic.
Subsequently data that we expected would be useful for our study purposes were
collected. Most of our effort we concentrated on the analyses of soil and the correlation
between it with Switchgrass. We created a flowchart presented in Figure 3.2.

The

Figure illustrates the phase that we considered to evaluate soil suitability to crop
Switchgrass in Mississippi.
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Figure 3.2
Flowchart A

Flowchart created by Eduardo Arias
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As we mentioned before, our study concentration was in soils and its relation with
Switchgrass pasture. Initially we investigated how the soils characteristics may
influence plant growing, specifically the Switchgrass Alamo.

After that an

examination of the soil taxonomy classification in US was completed to determine at
what level of categorization we would develop our study.

Soil taxonomy

classification in United States of America has six levels of categorization, these are:
Order (12 classes), Suborder (63 classes), Great group (250 classes), Sub group
(1400 classes), Family (8000 classes) and Series (more than 20,000 classes). Figure
3.3 illustrates the US soil map built at the highest level of categorization, Order
(USDA-NRCS); at this level the soil categorization is very general and not many
significant information can be found. Otherwise, the level series encompasses more
detailed information associated with soils.

Figure 3.3
US soil map – Level Order (NRCS - USDA)
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Below, Figure 3.4 displays the Mississippi soil map downloaded from MARIS
(stgo.shp file). This soil map was built considering the soil associations field of the
attribute table. On the bottom right of the same figure a small region, which belongs to
the south east of Mississippi, visualize better the details. Inside this region each colored
polygon represents one unique soil association which is generally composed by three
soil series. The purple polygon represents one soil association; it includes the series:
bigbee, bibb, and quitman.

MISSISSIPPI
Official Soil
Map

Soil Associations = [s1 + s2 +

Figure 3.4
Digital soil map of Mississippi
Figure developed by Eduardo Arias, 2007
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Soil series are the most homogenous classes in the system of taxonomy and the
most common reference (USDA-NRCS). Soil digital map of Mississippi includes as
metadata an attribute table that contains significant spatial information associated
with soils series present in Mississippi, but it does not include data associated with
any of the soil parameters that are regularly used to determine soil quality. The
attribute tables that digital maps contain are very important and critical to complete a
number of spatial operations such spatial analysis, queries, calculations and so far.
To construct specific and detailed thematic maps using GIS is important to have
accurate and appropriate information; this information is hold in tables (*.dbf) that are
associated spatially with the map. Consequently, the approach at this stage of the
study was to improve the original attribute table (stgo.dbf); to accomplish it a number
of fields were added and populated with data collected from different documented
sources such NRCS-USDA. Additionally SPAW software, ALMANAC model, and
statistical methods were used to develop data associated with this study.
Table 3.1 presents the original attribute table (stgo.dbf) downloaded from MARIS.
This table only has information of general spatial aspects; in consequence, carrying
out a detailed soil examination using this data through GIS is not possible.

This

table contains 10 columns and 1369 rows. The table displayed below only shows 15
rows; however, the reader can observe that the scroll bar located in the upper right of
the table is in the top.
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Table 3.1
Original stgo.shp attribute table

Table 3.2 illustrates, through an example, how the new set of soil properties was
organized in the stgo.dbf attribute table adding new fields.

51

Table 3.2
Stgo.shp (dbf) modified table

The reader can observe in Table 3.2 that nine new fields (to illustrate this example)
added were added to the original stgo.dbf. In this example s1, s2, and s3 fields were
populated with the first, second, and third name of each of the soil series that every soil
association (field: Name) encompasses (e.g. the first row of the field Name in Table 2
encompass a soil association that includes the series: adaton, falkner and arkabutla).
Otherwise, s1_Prop_1, s1_Prop_2, s2_Prop_1, s2_Prop_2, s3_Prop_1 and s2_Prop_1
(attribute 1 of the serie 1, 2, and 3) represent the head columns for the same attribute
(e.g. soil texture for s1, texture for s2, and texture for s3) for each of the three series that
the field ‘Name’ includes
This study has compiled data and developed a soil Geodatabase that encompasses
a significant number of soil properties for Mississippi. This Geodatabase may be useful
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to execute soil analysis at the wide range and forecast rapidly soil type and soil
properties in Mississippi; however, to develop a detailed soil study, soil sampling in-situ
must be carried out.
Table 3.3 presents the fields that have been added to the original attribute table, a
brief description of every one, and the source of the data.

53

Table 3.3 Fields added to stgo.dbf matrix

Soil Characteristics Considered to Evaluate Soil Suitability for Panicum virgatum

FIELD

DESCRIPTION

SOURCE

NAME

Soil association composed by three series

MARIS

S1

Represent the 1st serie of the Soil association

NRCS

S1_TAXO

Represent the official taxonomic class of S1

NRCS

S1_P_SIZE

Particle size class for S1

NRCS

S1_MNRLGY

Mineralogy class for S1

NRCS

S1_CE_ACTV

Cation-exchange activity class for S1

NRCS

S1_CALC_RX

Calcareous and reaction class for S1

NRCS

S1_TEMP

Soil temperature class for S1

NRCS

S1_GR_GRP

Group of S1 in the Soil taxonomy classification

NRCS

S1_SUB_GR

Sub Group of S1 in the Soil taxonomy classification

NRCS

S1_TYPEDON

Typical pedon of S1

NRCS

S1_HY_GRP

Typical hydrologic group of S1

USDA

S1_INF

Nominal categorization of typical Infiltration in S1

NRCS

S1_INF_MIN

Potential minimum Infiltration (inches / hour) for S1

NRCS

S1_INF_MAX

Potential maximum Infiltration (inches / hour) for S1

NRCS

S1_SLM_MIN

Potential minimum depth (feet) for S1

NRCS

S1_SLM_MAX

Potential maximum depth (feet) for S1

NRCS

S1_M_MIN

Potential minimum slope (%) for S1

NRCS

S1_M_MAX

Potential maximum slope (%) for S1

NRCS

S1_T_MIN

Potential minimum temperature (Fahrenheit) for S1

NRCS

54

Table 3.3 Continued
S1_T_MAX

Potential maximum temperature (Fahrenheit) for S1

NRCS

S1_PP_MIN

Potential minimum precipitation (inches) for S1

NRCS

S1_PP_MAX

Potential maximum precipitation (inches) for S1

NRCS

S1_DRNG

Nominal categorization of typical Drainage for S1

NRCS

S1_RUNOFF

Nominal categorization of typical Runoff for S1

NRCS

S1_PRMB

Nominal categorization of typical Permeability for S2

NRCS

S1_WT_MIN

Potential minimum depth find Water Table in S1(feet)

NRCS

S1_WT_MAX

Potential maximum depth find Water Table in S2 (feet)

NRCS

S1_BD_X

Potential Average Bulk density for S1 (gr/cm^3)

SPWA

S1_BD_MIN

Potential minimum Bulk density for S1 (gr/cm^3)

SPWA + Data analysis

S1_BD_MAX

Potential maximum Bulk density for S1 (gr/cm^3)

SPWA + Data analysis

S1_WP_X

Potential Average Wilting Point for S1 ( %/Vol )

SPWA

S1_WP_MIN

Potential minimum Wilting Point for S1 ( %/Vol )

SPWA + Data analysis

S1_WP_MAX

Potential maximum Wilting Point for S1 ( %/Vol )

SPWA + Data analysis

S1_FC_X

Potential Average Field Capacity for S1 ( %/Vol )

SPWA

S1_FC_MIN

Potential minimum Field Capacity for S1 ( %/Vol )

SPWA + Data analysis

S1_FC_MAX

Potential maximum Field Capacity for S1 ( %/Vol )

SPWA + Data analysis

S1_SAT_X

Potential average Saturation for S1 ( %/Vol )

SPWA

S1_SAT_MIN

Potential minimum Saturation for S1 ( %/Vol )

SPWA + Data analysis

S1_SAT_MAX

Potential maximum Saturation for S1 ( %/Vol )

SPWA + Data analysis

S1_AWA_X

Potential Average Available Water Capacity for S1 ( inches/ feet )

SPWA

S1_AWA_MIN

Potential minimum Available Water Capacity for S1 ( inches/ feet )

SPWA + Data analysis

S1_AWA_MAX

Potential maximum Available Water Capacity for S1 ( inches / feet )

SPWA + Data analysis

55

Table 3.3 Continued
S1_SHYC_X

Potential average Sat. Hydraulic Conductivity for S1 ( inches/hr)

S1_SHYC_MIN

Potential minimum Sat. Hydraulic Conductivity for S1 ( inches / hr)

SPWA + Data analysis

S1_SHYC_MAX

Potential maximum Sat. Hydraulic Conductivity for S1 ( inches / hr)

SPWA + Data analysis

S1_HYC_X

Potential average Hydraulic Conductivity for S1 ( inches / hr)

SPWA

S1_HYC_MIN

Potential minimum Hydraulic Conductivity for S1 ( inches / hr)

SPWA + Data analysis

S1_HYC_MAX

Potential maximum Hydraulic Conductivity for S1 ( inches / hr)

SPWA + Data analysis

S1_P_X

Potential average Porosity for S1 ( % )

USDA

S1_P_MIN

Potential minimum Porosity for S1 ( % )

SPWA + Data analysis

S1_P_MAX

Potential maximum Porosity for S1 ( % )

SPWA + Data analysis

S2

Represent the 2nd serie of the Soil association

NRCS

S2_TAXO

Represent the official taxonomic class of S2

NRCS

S2_P_SIZE

Particle size class for S2

NRCS

S2_MNRLGY

Mineralogy class for S2

NRCS

S2_CE_ACTV

Cation-exchange activity class for S2

NRCS

S2_CALC_RX

Calcareous and reaction class for S2

NRCS

S2_TEMP

Soil temperature class for S2

NRCS

S2_GR_GRP

Group of S2 in the Soil taxonomy classification

NRCS

S2_SUB_GR

Sub Group of S2 in the Soil taxonomy classification

NRCS

S2_TYPEDON

Typical pedon of S2

NRCS

S2_HY_GRP

Typical hydrologic group of S2

USDA

S2_INF

Nominal categorization of typical Infiltration in S2

NRCS
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SPWA

Table 3.3 Continued
S2_INF_MIN

Potential minimum Infiltration (inches / hour) for S2

NRCS

S2_INF_MAX

Potential maximum Infiltration (inches / hour) for S2

NRCS

S2_SLM_MIN

Potential minimum depth (feet) for S2

NRCS

S2_SLM_MAX

Potential maximum depth (feet) for S2

NRCS

S2_M_MIN

Potential minimum slope (%) for S2

NRCS

S2_M_MAX

Potential maximum slope (%) for S2

NRCS

S2_T_MIN

Potential minimum temperature (Fahrenheit) for S2

NRCS

S2_T_MAX

Potential maximum temperature (Fahrenheit) for S2

NRCS

S2_PP_MIN

Potential minimum precipitation (inches) for S2

NRCS

S2_PP_MAX

Potential maximum precipitation (inches) for S2

NRCS

S2_DRNG

Nominal categorization of typical Drainage for S2

NRCS

S2_RUNOFF

Nominal categorization of typical Runoff for S2

NRCS

S2_PRMB

Nominal categorization of typical Permeability for S2

NRCS

S2_WT_MIN

Potential minimum depth find Water Table in S2 (feet)

NRCS

S2_WT_MAX

Potential maximum depth find Water Table in S2 (feet)

NRCS

S2_BD_X

Potential Average Bulk density for S2 (gr/cm^3)

SPWA

S2_BD_MIN

Potential minimum Bulk density for S2 (gr/cm^3)

SPWA + Data analysis

S2_BD_MAX

Potential maximum Bulk density for S2 (gr/cm^3)

SPWA + Data analysis

S2_WP_X

Potential Average Wilting Point for S2 ( %/Vol )

SPWA

S2_WP_MIN

Potential minimum Wilting Point for S2 ( %/Vol )

SPWA + Data analysis

S2_WP_MAX

Potential maximum Wilting Point for S2 ( %/Vol )

SPWA + Data analysis

S2_FC_X

Potential Average Field Capacity for S2 ( %/Vol )

SPWA
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Table 3.3 Continued
S2_FC_MIN

Potential minimum Field Capacity for S2 ( %/Vol )

SPWA + Data analysis

S2_FC_MAX

Potential maximum Field Capacity for S2 ( %/Vol )

SPWA + Data analysis

S2_SAT_X

Potential average Saturation for S2 ( %/Vol )

SPWA

S2_SAT_MIN

Potential minimum Saturation for S2 ( %/Vol )

SPWA + Data analysis

S2_SAT_MAX

Potential maximum Saturation for S2 ( %/Vol )

SPWA + Data analysis

S2_AWA_X

Potential Average Available Water Capacity for S2 ( inches/ feet )

SPWA

S2_AWA_MIN

Potential minimum Available Water Capacity for S2 ( inches /feet )

SPWA + Data analysis

S2_AWA_MAX

Potential maximum Available Water Capacity for S2 ( inches/feet )

SPWA + Data analysis

S2_SHYC_X

Potential average Sat. Hydraulic Conductivity for S2 ( inches / hr)

SPWA

S2_SHYC_MIN

Potential minimum Sat. Hydraulic Conductivity for S2 ( inches / hr)

SPWA + Data analysis

S2_SHYC_MAX

Potential maximum Sat. Hydraulic Conductivity for S2 ( inches/ hr)

SPWA + Data analysis

S2_HYC_X

Potential average Hydraulic Conductivity for S2 ( inches / hr)

SPWA

S2_HYC_MIN

Potential minimum Hydraulic Conductivity for S2 ( inches / hr)

SPWA + Data analysis

S2_HYC_MAX

Potential maximum Hydraulic Conductivity for S2 ( inches / hr)

SPWA + Data analysis

S2_P_X

Potential average Porosity for S2 ( % )

USDA

S2_P_MIN

Potential minimum Porosity for S2 ( % )

SPWA + Data analysis

S2_P_MAX

Potential maximum Porosity for S2 ( % )

SPWA + Data analysis

S3

Represent the 3rd serie of the Soil association

NRCS

S3_TAXO

Represent the official taxonomic class of S3

NRCS

S3_P_SIZE

Particle size class for S3

NRCS

S3_MNRLGY

Mineralogy class for S3

NRCS

S3_CE_ACTV

Cation-exchange activity class for S3

NRCS

S3_CALC_RX

Calcareous and reaction class for S3

NRCS
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Table 3.3 Continued
S3_TEMP

Soil temperature class for S3

NRCS

S3_GR_GRP

Group of S3 in the Soil taxonomy classification

NRCS

S3_SUB_GR

Sub Group of S3 in the Soil taxonomy classification

NRCS

S3_TYPEDON

Typical pedon of S3

NRCS

S3_HY_GRP

Typical hydrologic group of S3

USDA

S3_INF

Nominal categorization of typical Infiltration in S3

NRCS

S3_INF_MIN

Potential minimum Infiltration (inches / hour) for S3

NRCS

S3_INF_MAX

Potential maximum Infiltration (inches / hour) for S3

NRCS

S3_SLM_MIN

Potential minimum depth (feet) for S3

NRCS

S3_SLM_MAX

Potential maximum depth (feet) for S3

NRCS

S3_M_MIN

Potential minimum slope (%) for S3

NRCS

S3_M_MAX

Potential maximum slope (%) for S3

NRCS

S3_T_MIN

Potential minimum temperature (Fahrenheit) for S3

NRCS

S3_T_MAX

Potential maximum temperature (Fahrenheit) for S3

NRCS

S3_PP_MIN

Potential minimum precipitation (inches) for S3

NRCS

S3_PP_MAX

Potential maximum precipitation (inches) for S3

NRCS

S3_DRNG

Nominal categorization of typical Drainage for S3

NRCS

S3_RUNOFF

Nominal categorization of typical Runoff for S3

NRCS

S3_PRMB

Nominal categorization of typical Permeability for S3

NRCS

S3_WT_MIN

Potential minimum depth find Water Table in S3 (feet)

NRCS

S3_WT_MAX

Potential maximum depth find Water Table in S3 (feet)

NRCS

S3_BD_X

Potential Average Bulk density for S3 (gr/cm^3)

SPWA
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Table 3.3 Continued
S3_BD_MIN

Potential minimum Bulk density for S3 (gr/cm^3)

SPWA + Data analysis

S3_BD_MAX

Potential maximum Bulk density for S3 (gr/cm^3)

SPWA + Data analysis

S3_WP_X

Potential Average Wilting Point for S3 ( %/V)Vol )

SPWA

S3_WP_MIN

Potential minimum Wilting Point for S3 ( %/Vol )

SPWA + Data analysis

S3_WP_MAX

Potential maximum Wilting Point for S3 ( %/Vol )

SPWA + Data analysis

S3_FC_X

Potential Average Field Capacity for S3 ( %/Vol )

SPWA

S3_FC_MIN

Potential minimum Field Capacity for S3 ( %/Vol )

SPWA + Data analysis

S3_FC_MAX

Potential maximum Field Capacity for S3 ( %/Vol )

SPWA + Data analysis

S3_SAT_X

Potential average Saturation for S3 ( %/Vol )

SPWA

S3_SAT_MIN

Potential minimum Saturation for S3 ( %/Vol )

SPWA + Data analysis

S3_SAT_MAX

Potential maximum Saturation for S3 ( %/Vol )

SPWA + Data analysis

S3_AWA_X

Potential Average Available Water Capacity for S3 ( inches / feet )

SPWA

S3_AWA_MIN

Potential minimum Available Water Capacity for S3 ( inches/feet)

SPWA + Data analysis

S3_AWA_MAX

Potential maximum Available Water Capacity for S3 ( inches/ feet)

SPWA + Data analysis

S3_SHYC_X

Potential average Sat. Hydraulic Conductivity for S3 ( inches / hr)

SPWA

S3_SHYC_MIN

Potential minimum Sat. Hydraulic Conductivity for S3 ( inches / hr)

SPWA + Data analysis

S3_SHYC_MAX

Potential maximum Sat. Hydraulic Conductivity for S3 ( inches/hr)

SPWA + Data analysis

S3_HYC_X

Potential average Hydraulic Conductivity for S3 ( inches / hr)

SPWA

S3_HYC_MIN

Potential minimum Hydraulic Conductivity for S3 ( inches / hr)

SPWA + Data analysis

S3_HYC_MAX

Potential maximum Hydraulic Conductivity for S3 ( inches / hr)

SPWA + Data analysis

S3_P_X

Potential average Porosity for S3 ( % )

USDA

S3_P_MIN

Potential minimum Porosity for S3 ( % )

SPWA + Data analysis

S3_P_MAX

Potential maximum Porosity for S3 ( % )

SPAW + Data analysis
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Table 3.4 presents the main data sources used to populate the new fields added to the
original table
Table 3.4
Data sources

Sources Used to Populate and Estimate Soil Characteristics

Official Soil Series Description - Natural Resource conservation
OSD - NRCS - USDA
System / United States Department of Agriculture
Mississippi Automated Resource information System
MARIS
Software developed by USDA and Washington State University
SPWA program
to estimate soil properties
SSURGO - NRCS

Soil Survey Geographic database - NRCS

SPWA program - Data
Generation of data by the researcher (Eduardo Arias)
analysis

Table created by Eduardo Arias, Oct 2007

Table 3.4 contains four sources of data: Data obtained from MARIS and NRCSUSDA. We have considered this data as ‘static data’, due it includes official records
collected from the cited source.

This data holds qualitative and numeric records.

Otherwise, data developed through SPAW , ALMANAC and statistical methods have
been considered as ‘dynamic data’; this data holds numeric information and can be
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adjusted or modified as function of the variation of different variables. SPAW program is
capable to generate to number of soil characteristics based on the variation of the
following variables: soil texture class, relative content of organic matter and the percent
of moisture present in the soil. Some of the soil parameters that can be estimated
through SPAW are: wilting point, field capacity, saturation, available water capacity,
saturated hydraulic conductivity, bulk density, hydraulic conductivity and matric potential
among others. For this study we have established that the first groups of variables (soil
texture class, relative content of organic matter and the percent of moisture) are the
predictors, and the second groups of variables (wilting point, field capacity, saturation,
available water capacity, saturated hydraulic conductivity, bulk density, hydraulic
conductivity and matric potential) are the dependant variables. Taking into account that
we have dependant and independent variables, we are able to recalculate the values of
the dependant variables modifying the values of the predictors. Carrying out this task is
simple and fast to complete through SPAW software. These recalculations permit a
number of ‘attribute tables’ based on the predictor’s variations. Thus implementing it in
ERSI ArcMap will allow build different soil-based spatial models as function of the soilparameters variations in Mississippi. Figure 3.5 presents one of the SPAW software
interactive screens:
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Figure 3.5
SPAW window
Source: SPAW software.

Using the outputs obtained through SPAW and statistical methods intervals were
determined for potential maximum and potential minimum values for dependant
variables. Deciles were used to minimize the standard error and optimize the confident
limits for these variables. The values of 2.5% and 14% for organic matter content and
soil moisture respectively were assigned for the first model (Lang, D.J., et al, 2000)
Figure 3.6 presents a fraction of the spreadsheet that contain the intervals
created for soil characteristics for the dependant variables as function of maximum and
minimum sand occurrence and Figure 3.7 presents maximum and minimum values for
soil characteristics adjusted by deciles as function of clay presence in the soil. Figure 3.8
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maximum and minimum values for soil characteristics adjusted by deciles as function of
sand percentage.

Figure 3.6
Maximum and minimum values by sand
Table developed by Eduardo Arias

Figure 3.7 presents a fraction of the table for maximum and minimum values for
soil characteristics adjusted by deciles as function of clay percentage
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Figure 3.7
Maximum and minimum values by clay
Table developed by Eduardo Arias

Finally, absolute maximum-maximum and absolute minimum-minimum values for
each dependant variable were selected to define the final interval’ limits for each soil
parameter. Figure 3.8 presents a fraction of the table that contains the final intervals.
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Figure 3.8
Absolute maximum and minimum values

Most of the soil characteristics have been included in the improved attribute table
stgo.shp; however, there are some information such type of forest incidence, type of
crops incidence, and properties of the soils horizons at the series level that have not
included in this file. However, this data have compiled in other tables that have been
linked to the Geodatabase developed; it may be used as references for further research.

Next, a database was designed using Microsoft Access. Figure 3.9 presents the
main tables created and Figure 3.10 the relationship among those.

66

Figure 3.9
Tables created in Access
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Figure 3.10
Relationship among tables

The same relationships set in Microsoft Access were used to create the
Geodatabase for soils in Arc Map. Finally, the main attribute table and others were
linked to inside the Arc Map program.
After collect, organize and compile the data, the most significant soil parameters
for Switchgrass growing and establishment were selected to develop a soil-based
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suitability model. The parameters selected were: water holding capacity (awc), bulk
density (bd), pH (ph), active organic nitrogen (on) and organic carbon (oc).
A weighted linear model was designed to carry out a simulation to obtain the
optimal suitability model. All the variables selected were implemented linearly in the
model. The weight assigned for each soil parameter was variable as function of the
significance that each one has for Switchgrass establishment and growing. Thus a
potential numerical range was assigned to each parameter as coefficient. Sensitivity
analysis was used to determine which soil-based suitability model output was the best to
establish and crop Switchgrass at Mississippi.

The best model was selected by

correlating estimated biomass yield with each model’s soils-based output for
Switchgrass suitability. Pearson’s r (correlation coefficient) was the criteria used to
establish the ‘best’ soil suitability model. Coefficients associated with the ‘best’ model
were implemented within a Geographic Information System (GIS) to create a map of
relative soil suitability for Switchgrass in Mississippi.

Sensitivity analysis
This study has included partial and complete sensitivity analysis to estimate soil
suitability for Switchgrass. To complete this task, calculation of Switchgrass biomass
yield was estimated using the ALMANAC model.
A weighted linear model that includes the following variables following predictors:
potential available water capacity (awc) that is measured in in/feet, potential bulk density
(bd) that is measured in g /cc , pH (ph) that is a unitless variable, active organic nitrogen
(OrgN) that is measured in g/T and organic carbon (OrgC) that is measured in
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percentage (%) was built. The equation was designed basedone in literature review and
several debates with experts in soils, Switchgrass, statistics and GIS. Equation 3.1
presents the Primary soil suitability model:

Suit = (awc_weight) AWC + (bd_weight) BD + (ph_weight) pH + (on_weight) OrgN + (oc_weight) OrgC

(3.1)
where:
Suit

= Soil suitability to crop Switchgrass in Mississippi indicator.

awc_weight

= range of weights for water holding capacity (unitless)

bd_weight

= range of weights for bulk density (unitless)

ph_weight

= range of weights for ph (unitless)

on_weight

= range of weights for active organic nitrogen (unitless)

oc_weight

= range of weights for organic carbon (unitless)

AWC

=

BD

= Bulk density (unitless, normalized value)

pH

= acidity – alkalinity (unitless, normalized value)

OrgN

= Active organic nitrogen (unitless, normalized value)

OrgC

= Organic carbon (unitless, normalized value)

Water holding capacity (unitless, normalized value)

Where the factors those are within the parenthesis represent intervals that
contain the potential values that every coefficient of each parameter could use in the
simulation.

This process is useful to evaluate how sensitivity the solution is when we

change the assumptions (weights).
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For the predictors we have used the data hold in the enhanced soil attribute table
developed and explained previously and presented in Table 3.7.

Otherwise, the

intervals for each coefficient and the increments at each step for each factor of the
model were determined as follow:

-

awc_weight: 0.35 to 0.5. It has incremented by 0.02 units.

-

bd_weight:

0.1 to 0.2. It has incremented by 0.01 units.

-

pH_weight:

0.05 to 1.5. It has incremented by 0.145 units.

-

OrgN_weight: 0.3 to 0.5. It has incremented by 0.02 units.

-

OrgN_weight: 0.1 to 0.3. It has incremented by 0.02 units.

The increments were estimated setting the same number of sub-intervals in each
case.
Partial sensitivity was completed to explore the independent behavior of each
parameter when the others keep on constant. To complete this task we develop a
programming statement in SAS 9.2. The programming statements for each parameter
are presented in Appendix I.
The second phase to accomplish the analysis of sensitivity includes a complete
simulation. During this analysis all the coefficients were simulated simultaneously. The
statistical indicator coefficient of variance was evaluated determine the significance of
each parameter in the soil-based suitability model. The coefficient of variance is the
normalized measure of dispersion of a probability distribution, which means that is
unitless and standardizes the units. The criteria to categorize scientifically the higher or
the lower significance that each parameter has in the model was contrasting the

71

coefficients of variance obtained for each parameter after run the complete simulation.
To complete this task we develop a programming statement in SAS 9.2; however,
because of the large size of the data the program could run the programming statement
only partially but the complete output could not be concluded.

The coefficient of

variance was obtained from this process.
The programming statement used for complete sensitivity analysis and the explanation
associated with this statement is presented in Appendix I.
To complete the process MATLAB 7R software, which is a high level computing
language and interactive environment for algorithm development, data analysis and
numerical assessment, was used. Data was input as text file.

The output matrix

obtained from this process contains 103 rows and 7776 columns and each column
represents one suitability model. Next, each suitability model was correlated with
biomass yield to determine the highest Pearson’s correlation coefficient and identify the
best model.

To estimate potential biomass yield for Switchgrass at Mississippi the

ALMANAC model was used; this process is explained below.

ALMANAC model
ALMANAC model is a computer simulation model that permit estimate potential
yield for agricultural systems. This model simulates soil water balance, the nutrient
balance, weather and interception of solar radiation; however, for our simulations we
kept constant: interception of solar radiation and weather. Five hundred seventy eight
sites were distributed randomly in Mississippi at each soil series. Each site was
simulated to obtain biomass yield for Switchgrass. Then the mean values for each soil
series were recorded in a vector matrix named yield. To run ALMANAC we have used
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the Command Prompt accessory interactive window that Microsoft Windows includes.
Appendix II presents an example that illustrates how the ALMANAC model operates.

GIS, ModelBuilder and Weighted suitability model
To implement the spatial site suitability model using ESRI ArcMap we used two
tools that ArcMap contains: the reclassify tool (Reclass toolset) and the weighted sum
tool (Overlay toolset). The parameter and coefficients (weights) obtained from the
sensitivity analysis were used to built a spatial model in ArcMap. It permits create maps
and associate the suitability model with a projected coordinated system, the details of
this geographic system are presented below:

Projected Coordinate System: mstm
Projection: Transverse_Mercator
False_Easting: 500000.00000000
False_Northing: 1300000.00000000
Central_Meridian: -89.75000000
Scale_Factor: 0.99983350
Latitude_Of_Origin: 32.50000000
Linear Unit: Meter
Geographic Coordinate System: GCS_North_American_1983
Datum: D_North_American_1983
Prime Meridian: Greenwich
Angular Unit: Degree

The spatial model built in this phase was created to input data raster and
operates it using Boolean operators in the same format.

Vector data was converted to

raster data. Then this data was input it in the spatial model. Building a unique spatial
model and do not split it in parts allows upgrade and modify the data simplifying the
procedure.

MS_SOIL.shp file is the vector data that contains the enhanced soils

attribute table and the map of soils of Mississippi. Five new vector files were created,
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one for each soil parameter: awc, bd, ph, on and oc. Data for each parameter was
investigate to set a spatial categorization as function of the official ranks that NRCSUSDA have assign to each soil parameter.

Next the data of each parameter was

adjusted in five classes or new ranks. To set the new ranks we used as reference the
official categorization, literature review and discussion with experts.
classes are: very good, good, moderate, poor and very poor.

The five new

The data for each

parameter was normalized to avoid the use of different units in the analysis; to normalize
the units we set up and made use of the following relation:

Normalized value = [Original value / Maximum value] *100

(3.2)

where
Xi‘

= (Xi / Xmax) * 100

Xij ‘

= Standardized value output for “i” record at column “j”

Xij

= Original value for “i” record at column “j”

Xijmax

= Maximum value for “i” record at column “j”

100

= Constant value rationally assigned.

This relation was applied for every record in each column. In the equation we
have multiplied the first factor (Original value / Maximum value) by 100 to avoid
information looseness and to discriminate the difference among numeric values that are
more or less similar (e.g. 0.369 and 0.361) or when the fraction factor result is
excessively low (e.g. 0.006).
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Finally, the normalized values were added as new columns in each field of the attribute
table.

Five raster files were created from MS_SOIL.mxd file; one for each soil

parameter: awc, bd, ph, on and oc; to complete this task we used the feature to raster
properties of the conversion tools from ERSI Arc Map toolbox. Figure 3.11 present this
tool.

Figure 3.11
ERSI feature to raster toolbox

Next, a spatial model was built using the function ModelBuilder that through ERSI
Arc Map. ModelBuilder is tool that is useful to create spatial models for geographic
areas. To accomplish it a new tool was created inside ERSI Arc Map ArcToolbox.
The spatial model created is a set of spatial processes that converts input data into an
output map using specific functions. The function used will be presented in the next
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chapter as explanation of the Results. The spatial model is represented as a diagram or
flowchart where the blue oval (data) boxes represent input data, the yellow rectangles
(tools) represent functions that process input data and green ovals can represent
derived data (intermediate), the arrows are connectors. Figure 3.12 present an example
of a spatial model to illustrate the explanation.

Figure 3.12
ModelBuilder model
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Surface analysis
Surface analysis was carried out to generate contours, slope, aspect (directions of
slope) and hillshades. These surface layers were and may be combined with other GIS
data associated with our study to improve the detection and interpretation of the
environmental characteristics of specific areas at Mississippi.
Digital Elevation Model (DEM) at 30 meters resolution was used to accomplish the
mentioned process.
Contour
The contour layer created was developed to identify contour lines of equal elevation; for
this study we have used z = 10 feet. The base contour considered was the sea level.
Slope
Slope is an important parameter to consider in our analysis; however, it was not possible
to include it in the sensitivity analysis because it might vary dramatically from one site to
other. For this study we have measured slope in terms of percent. It identifies the
maximum rate of variation in values between each cell and its neighbors.
Aspect
Aspect represents the slope orientation of a cell relative to north. The cell values output
for aspect raster in this study are compass directions ranging from zero to 360 degrees;
North is zero as well as in a clockwise direction, 90 is East, 180 South and 270 West.
Hillshades
Hillshades estimate the theoretical illumination of a surface. It returns grayscale colors
numbers ranging from 0 to 254. Cells that that are fully illuminated have values of 254
(white) and cells those are away from light have values of 0 (black). For this study we
have created two hillshades: one with the sun in the northwest and the other with the
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sun in the southeast to distinguish the effect that shadows have on the perception of the
surface. The setting for the first case (sun in the northwest) was: azimuth=315 degrees
and altitude=45 since for the second case (sun in the southeast) was: azimuth=135
degrees and altitude=45
The utility to execute surface analysis is that it smoothes the progress to differentiate
some areas were some constrictions are present. Identifying contour lines, slope and
aspect is useful to differentiate some areas from other ones that theoretically share an
specific common attribute value (e.g. type drainage = low to somewhat rapid) in one soil
series but that in fact are different. This analysis may be significant to improve the soil
forecast of a specific site. Otherwise we have used hillshades as background of our
maps to create a sense of relief and optimize our evaluation.
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CHAPTER IV
RESULTS AND DISCUSSIONS

The sensitivity analysis and spatial nature of this project result in many statistical
and map outputs. Results of this nature are discussed herein.

Enhanced Soil Map of Mississippi
The digital soil map of Mississippi was improved by adding new fields to the attribute
table; this facilitates ERSI ArcMap’s soil analysis and permits forecast that have a
general idea of the soil characteristics that are present in Mississippi.

Figure 4.1

presents the soil map and table 4.1 presents the attribute table that this map includes.
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Figure 4.1
Enhanced soil map of Mississippi
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Table 4.1
Attribute table of the modified stgo.dbf file

Geodatabase
The parameters that were considered to improve the original soil attribute table of
Mississippi, stgo.dbf, and the description of each parameter along with the source where
the data was collected were displayed in table 4.2 of Chapter III. This table is presented
once more below as part of the results:
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Table 4.2
Soil characteristics of the modified attribute table

Soil characteristics of the modified attribute table
FIELD

DESCRIPTION

SOURCE

NAME

Soil association composed by three series

MARIS

S1

Represent the 1st serie of the Soil association

NRCS

S1_TAXO

Represent the official taxonomic class of S1

NRCS

S1_P_SIZE

Particle size class for S1

NRCS

S1_MNRLGY

Mineralogy class for S1

NRCS

S1_CE_ACTV

Cation-exchange activity class for S1

NRCS

S1_CALC_RX

Calcareous and reaction class for S1

NRCS

S1_TEMP

Soil temperature class for S1

NRCS

S1_GR_GRP

Group of S1 in the Soil taxonomy classification

NRCS

S1_SUB_GR

Sub Group of S1 in the Soil taxonomy classification

NRCS

S1_TYPEDON

Typical pedon of S1

NRCS

S1_HY_GRP

Typical hydrologic group of S1

USDA

S1_INF

Nominal categorization of typical Infiltration in S1

NRCS

S1_INF_MIN

Potential minimum Infiltration (inches / hour) for S1

NRCS

S1_INF_MAX

Potential maximum Infiltration (inches / hour) for S1

NRCS

S1_SLM_MIN

Potential minimum depth (feet) for S1

NRCS

S1_SLM_MAX

Potential maximum depth (feet) for S1

NRCS
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Table 4.2 Continue
S1_M_MIN

Potential minimum slope (%) for S1

NRCS

S1_M_MAX

Potential maximum slope (%) for S1

NRCS

S1_T_MIN

Potential minimum temperature (Fahrenheit) for S1

NRCS

S1_T_MAX

Potential maximum temperature (Fahrenheit) for S1

NRCS

S1_PP_MIN

Potential minimum precipitation (inches) for S1

NRCS

S1_PP_MAX

Potential maximum precipitation (inches) for S1

NRCS

S1_DRNG

Nominal categorization of typical Drainage for S1

NRCS

S1_RUNOFF

Nominal categorization of typical Runoff for S1

NRCS

S1_PRMB

Nominal categorization of typical Permeability for S2

NRCS

S1_WT_MIN

Potential minimum depth find Water Table in S1(feet)

NRCS

S1_WT_MAX

Potential maximum depth find Water Table in S2 (feet)

NRCS

S1_BD_X

Potential Average Bulk density for S1 (gr/cm^3)

SPWA

S1_BD_MIN

Potential minimum Bulk density for S1 (gr/cm^3)

SPWA + Data analysis

S1_BD_MAX

Potential maximum Bulk density for S1 (gr/cm^3)

SPWA + Data analysis

S1_WP_X

Potential Average Wilting Point for S1 ( %/Vol )

SPWA

S1_WP_MIN

Potential minimum Wilting Point for S1 ( %/Vol )

SPWA + Data analysis

S1_WP_MAX

Potential maximum Wilting Point for S1 ( %/Vol )

SPWA + Data analysis

S1_FC_X

Potential Average Field Capacity for S1 ( %/Vol )

SPWA

S1_FC_MIN

Potential minimum Field Capacity for S1 ( %/Vol )

SPWA + Data analysis

S1_FC_MAX

Potential maximum Field Capacity for S1 ( %/Vol )

SPWA + Data analysis

S1_SAT_X

Potential average Saturation for S1 ( %/Vol )

SPWA

S1_SAT_MIN

Potential minimum Saturation for S1 ( %/Vol )

SPWA + Data analysis

S1_SAT_MAX

Potential maximum Saturation for S1 ( %/Vol )

SPWA + Data analysis
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Table 4.2 Continue
Potential Average Available Water Capacity for S1 ( inches/

S1_AWA_X

feet )

SPWA

Potential minimum Available Water Capacity for S1 ( inches/

S1_AWA_MIN

feet )

SPWA + Data analysis

Potential maximum Available Water Capacity for S1 ( inches /

S1_AWA_MAX

feet )

SPWA + Data analysis

Potential average Sat. Hydraulic Conductivity for S1 (

S1_SHYC_X

inches/hr)

SPWA

Potential minimum Sat. Hydraulic Conductivity for S1 ( inches

S1_SHYC_MIN

/ hr)

SPWA + Data analysis

Potential maximum Sat. Hydraulic Conductivity for S1 ( inches

S1_SHYC_MAX

/ hr)

SPWA + Data analysis

S1_HYC_X

Potential average Hydraulic Conductivity for S1 ( inches / hr)

SPWA

S1_HYC_MIN

Potential minimum Hydraulic Conductivity for S1 ( inches / hr)

SPWA + Data analysis

S1_HYC_MAX

Potential maximum Hydraulic Conductivity for S1 ( inches / hr)

SPWA + Data analysis

S1_P_X

Potential average Porosity for S1 ( % )

USDA

S1_P_MIN

Potential minimum Porosity for S1 ( % )

SPWA + Data analysis

S1_P_MAX

Potential maximum Porosity for S1 ( % )

SPWA + Data analysis

Table 4.2 contains 52 columns that were added to the original soil attribute table
downloaded from MARIS, stgo.dbf.

After it was compiled and organized the new *.dbf

file was populated and saved as ‘MS_Soil_6Copy2.dbf’. This new soil attribute table
contains 60 columns and 1369 rows, where each row represents a unique soil
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association in the State. The new attribute table is significant because it encompasses
relevant characteristics that are related to the different soil series that are present in
Mississippi; additionally, this data is spatially referenced, thus it allows for rapid
prediction of soil characteristics in Mississippi that can be accomplished through queries
in ERSI Arc Map or similar software. This data is useful to further research with spatial
technology and natural sciences in Mississippi.
Figures 4.2, 4.3 and 4.4 illustrate how the ‘Identify’ Arc Map tool works. It shows
which features of the layer are selected and displays the characteristics of each case for
the soil association as it is related to the attribute table. Figure 4.2 presents the soil map
of Mississippi with the highlighted area in light blue. This area was magnified so that the
details of the soil associations’ in figures 4.3 and 4.4 can be seen. Figure 4.3 shows the
case before the attribute table was improved and figure 4.4 shows the case after the
attribute table was improved. Table 4.3 presents the original attribute table of stgo.mdx
file.
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Figure 4.2
Soil map of Mississippi
Map set by Eduardo Arias, Jun 2008

86

Table 4.3
Stgo.dbf attribute table
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Figure 4.3
Identify tool before the attribute table enhancement
Map set by Eduardo Arias, Jun 2008

We can observe in figure 4.3 that the “Identify” tool only displays a few attributes that are
associated with the soil type: ruston-linker-ora.
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Figure 4.4
Identify tool after the attribute table enhancement
Map set by Eduardo Arias, Jun 2008

In figure 4.4 the “Identify” tool displays a complete soil association with the soil
type: ruston-linker-ora. In addition, the reader can see that the vertical scroll bar can be
scrolled down.

Thus significant information can be obtained from the Geodatabase

created.

Another example of the usefulness of the Geodatabase created is presented in
Figure 4.5.
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Figure 4.5
Selection by attributes example

Through the ‘Select by attributes’ tool of ERSI Arc Map we have queried the soils
in Mississippi that have ‘loamy sand’ texture with a particle size that corresponds to the
‘fine’ class in the soil taxonomy classification in US.

The soils associations that match

these requirements are highlighted in light-blue in the map and correspond to the soil
association: williamsville-neshoba-smithdale.

A zoom of the selected area can be

observed in figure 4.6. I t includes the ‘Identify” tool that displays the soil features that
this soil type encompasses.
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Figure 4.6
Soil association

Supplementary tables were created to hold information associated with soils;
however the full data collection is not completed yet. As of now, we have completed
data collection pertaining to the Southeast portion of Mississippi. Data collection for
other areas of the State is still in progress. The tables created were joined to the main
table to build a soil Geodatabase for Mississippi. This information was compiled using
Microsoft Access 2003.

The tables that were created are associated with the Soil

taxonomy classification of United States, and consist of:

91

-

Great group

-

Sub group

-

Sub order

-

Order

-

Family

-

Series

-

Soil unit

-

Forest

Figure 4.7 presents the tables hold in Microsoft Access

Figure 4.7
Soil database tables
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Figure 4.8 presents the relationship that was used to join and relate the supplementary
tables with the primary table.

Figure 4.8
Table’s relationship
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The same relationships among tables were used in the ESRI ArcMap
environment to create the Geodatabase. Figure 4.8 illustrates how the attribute table
was linked with the supplementary tables.

Sensitivity analysis

Partial sensitivity analysis

As we mentioned before, five soil parameters were considered to build a soil
suitability model. These parameters are: water holding capacity (awc), bulk density
(bd), pH (pH), active organic nitrogen (on), and organic carbon (oc). The weighted linear
model used was described in Equation 3.1. This equation is presented again below.

Suit = (awc_weight) AWC + (bd_weight) BD + (ph_weight) pH + (on_weight) OrgN + (oc_weight) OrgC

(3.1)
The nomenclature of equation 3.1 has been presented in page 70.
In Chapter III we mentioned that both a partial and complete sensitivity analysis
was performed. The partial sensitivity analysis was the first step that permitted us to
explore the data and detect, through the outputs, the distribution of each parameter at
each point simulated. In addition, we explained in Appendix I the details associated with
the programming statement created to evaluate partial sensitivity for water holding
capacity (awc) and for the other parameters.
Graph 4.1 presents the output for water holding capacity (awc) after the
partial simulation for this parameter was run. The interval was divided in five similar sub
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intervals, thus the simulation was run at 0.35, 0.38, 0.41, 0.44, 0.47, and 0.5
standardized units. The distribution of the events looks similar for the whole interval.
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awc

Graph 4.1
Partial sensitivity for Water holding capacity plot

In chapter III we explained the details of how the programming statement was
created to evaluate partial sensitivity for bulk density (bd). The program statement for
bulk density is presented in Appendix I. Graph 4.2 presents the output for bulk density
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(bd) after the partial simulation for this parameter was run. The interval was divided in
five similar sub intervals, thus the simulation was run at 0.10, 0.12, 0.14, 0.16, 0.18, and
0.20 standardized units.
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Graph 4.2
Partial sensitivity for Bulk density plot
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0. 19

0. 20

In chapter IV we explained the details and how the programming
statement created to evaluate partial sensitivity for pH (ph) works. Graph 4.3 presents
the output for pH (ph) after the partial simulation for the parameter was run. The interval
was divided in five similar sub intervals, thus the simulation was run at 0.05, 0.07, 0.09,
0.11, 0.13, and 0.15 standardized units.
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Graph 4.3
Partial sensitivity for pH plot
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In chapter IV we explained the details and how the programming statement
created to evaluate partial sensitivity for active organic nitrogen (on) works.

The

program statement for active organic nitrogen is presented in Appendix I. Graph 4.4
presents the output for active organic nitrogen (on) after the partial simulation for this
parameter was run.

The interval was divided in five similar sub intervals, thus the

simulation was run at 0.30, 0.34, 0.38, 0.42, 0.46 and 0.50 standardized units.
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Graph 4.4
Partial sensitivity for active organic nitrogen plot

98

0. 46

0. 47

0. 48

0. 49

0. 50

In chapter IV we explained the details and how the programming statement
created to evaluate partial sensitivity for organic carbon (oc) works. Graph 4.5 presents
the output for organic carbon (oc) after the partial simulation for this parameter was run.
The interval was divided in five similar sub intervals, thus the simulation was run at 0.10,
0.14, 0.18, 0.22, 0.26, and 0.30 standardized units.
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Graph 4.5
Partial sensitivity for organic carbon plot
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Complete Sensitivity Analysis
Table 4.4 presents the output of the regression procedure executed for water
holding capacity (awc) within the complete simulation run. The analysis of variance
(ANOVA) table is relevant in our evaluation because it contains the coefficient of
variance (Coeff Var) for each parameter.

Water holding capacity (awc)
For water holding capacity (awc) the Coeff Var is 7.35455. At this phase of the
analysis only the coefficient of variance is relevant. The coefficient of variance identifies
how much variance exists in the input data and permits the comparison of the standard
deviation to the average for the data set.

For our study, we have concluded that the

higher the coefficient of variance the lower the significance of the parameter in the model
and viceversa.
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Table 4.4
ANOVA table for water holding capacity
SAS output for complete simulation for awc. Program run and prepared by Eduardo Arias

Graph 4.6 presents the plot obtained for awc after the complete simulation was
run. The distribution of the events can not be visualized clearly in this plot because of
the scale of the paper. The events are sensitive to variation. The vertical axe contains
standardized values for suitability while the horizontal axe encompasses the six
coefficients that have been used in the simulation of this parameter. This parameter has
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at wide range and a high sensitivity to variation; thus it has a significant influence in the
behavior of the model.

Graph 4.6
Complete sensitivity analysis for water holding capacity plot
SAS plot output for complete simulation for awc. Program run and prepared by Eduardo Arias

Bulk density (bd)
Table 4.5 presents the output of the regression procedure executed for
bulk density (bd) within the complete simulation run. The Coeff Var for bd is 9.06811.
Graph 4.7 presents the plot obtained for bd after the complete simulation was run. The
distribution of the events can not be visualized clearly in this plot because of the scale of
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the paper. However we can observe clearly that the trend of the distribution does not
vary significantly in the whole standardized interval that starts at 0.10 and ends at 0.20.
The vertical axe contains standardized values for suitability while the horizontal axe
encompasses the coefficients (6) that have been used in the simulation for the
parameter bd.

According to the plot no significant variation exists among the six

coefficients used for bd in the simulation. It means that the weight for parameter bd
must be low. Once more this analysis confirms our previous investigation based in
literature review and discussion with experts.

Table 4.5
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ANOVA table for bulk density

SAS output for complete simulation for bd. Program run and prepared by Eduardo Arias
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Graph 4.7
Complete sensitivity analysis for bulk density plot

Acidity – alkalinity (pH)
Table 4.6 presents the output of the regression procedure executed for
pH within the complete simulation run. For water pH the Coeff Var is 9.11278. Graph
4.8 presents the plot obtained for pH after running the complete simulation. The
distribution of the events can not be visualized clearly in this plot because of the scale of
the paper. However we can observe clearly that the trend is positive oriented from 0.05
to 0.15. In this case it indicates that there are significant variations when the coefficients
of this parameter fluctuate; however, the ranges of weights assigned to this parameter
are moderately significant in the master model. The vertical axe contains standardized
values for suitability while the horizontal axe encompasses the coefficients (6) that have
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been used in the simulation for the parameter pH. According to the plot significant
variation exists among the six coefficients used for bd in the simulation.

Table 4.6
ANOVA table for ph
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Graph 4.8
Complete sensitivity analysis for pH plot

Active organic nitrogen (on)
Table 4.7 present the output of the regression procedure executed for pH
within the complete simulation run. For water ‘on’ the Coeff Var is 7.73861. Graph 4.10
presents the plot obtained for ‘on’ after running the complete simulation. The distribution
of the events can not be visualized clearly in this plot because of the scale of the paper.
However we can observe clearly that the trend is positive oriented from 0.30 to 0.50.
The vertical axe contains standardized values for suitability while the horizontal axe
encompasses the six coefficients that have been used in the simulation for the
parameter ‘on’. From the plot we can deduce that ‘on’ has a significant influence in the
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model because it is sensitive to variation as we can see in the plot. In addition the range
that contains the sub-intervals is relatively broad.

Table 4.7
ANOVA table for active organic nitrogen

SAS output for complete simulation for on. Program run and prepared by Eduardo Arias
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Graph 4.9
Complete sensitivity analysis for active organic nitrogen

Organic carbon (oc)
Table 4.6 presents the output of the regression procedure executed for oc within the
complete simulation run. For organic the Coefficient of Variation is 9.11278. Graph 4.11
presents the plot obtained for oc after run the complete simulation. The distribution of the
events can not be visualized clearly in this plot because of the scale of the paper. The
vertical axe contains standardized values for suitability while the horizontal axe
encompasses the six coefficients that have been used in the simulation of this
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parameter. This case is similar to on and awc in terms of the sensitivity but it does not
present a wide range. Thus it has a moderate significance in the master model.

Table 4.8
ANOVA table for organic carbon

SAS output for complete simulation for on. Program run and prepared by Eduardo Arias
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Graph 4.10
Complete sensitivity analysis for active organic carbon

To complete the process and output all the possible soil suitability models the
technical computing language software Matlab 7.4 was used because the statistical
software SAS 9.2 was not able to process and output the complete data because of file
size limitations. The input data which was in the *.dbf format was converted to *.txt
format. Finally a matrix with 103 rows (soil series present in Mississippi) and 7776
columns, thus 800982 records were placed in a matrix. The format of the matrix was
output as *.txt file. Because of the size of the matrix we have included it in Appendix II.
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Figure 4.9 presents the matrix obtained; this matrix was named ‘data_suit.txt’ and was
used later to complete the validation process.

Figure 4.9
Suitability data matrix
Output obtained from Matlab after run the complete simulation.

Table 4.4 presents the coefficient of variance (CV) of each parameter. These
CVs have been obtained from the ANOVA tables of each parameter after running the
complete simulation. As we remark before, the lower the CV the more significant the
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parameter is in the model. According to the values of Table 4.9, awc, is the parameter
that has the most influence in the soil suitability model, the second is ‘on’, the third ‘bd’,
th fourth ‘pH’ and the parameter that has the least influence in the model is ‘oc’.

Table 4.9
Coefficient of variances
Parameter

Coefficient of Variance

awc

7.35455

on

7.73861

bd

9.06811

pH

9.11278

oc

9.11544

The conclusion based upon the releavance of weighted attributes in relation to
the coefficient of variance holds true in our study; typical of what was found based in the
literature review and our discussion with experts. Thus the dristribution of weights that
we assumed for each parameters were acceptable.
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Estimation of Alamo biomass yield in Mississippi with ALMANAC model.

To validate the soil suitability model we used 576 sites distributed proportionaly
at each of the 103 soil associations present in the State of Mississippi. Figure 4.8
presents the distribution of the sites evaluated. Mean values for each soil series were
considered to reduce the size of the data. A vector matrix with with one column and 103
rows was the final output of this process. To accomplish this task the Agricultural Land
Management Alternatives with Numerical Assesment Criteria (ALMANAC) model was
used. The output have been included in the Appendix II because it is to big to present in
this Chapter.
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Figure 4.10
Sites set to validate biomass yield in Mississippi
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Validation of the Soil suitability model

This process was done in two phases. First, the mean values of the coefficients used for
each parameter were used as weights to obtain the soil suitability model for Alamo
Switchgrass. This model represents the dependent variable. It is located in a vector
matrix named suit.dbf.

Pearson’s correlation coefficient (R-square) between the

variables: soil suitability (suit.dbf) and biomass yield (yield.dbf) was obtained through the
proc reg function in SAS 9.2. The result of this process was output in the ANOVA table
presented in Table 4.10. The plot output in this process is presented in Graph 4.11

Table 4.10
ANOVA table for validation of soil suitability before sensitivity analysis
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Graph 4.11
Plot of validation before sensitivity analysis

The R-square and R- adjusted indicate that there exists good correlation
between the variables biomass yield and soil suitability. It validates positively the
suitability model generated.
The second phase of validation is the continuation of the sensitivity analysis. In
this part of the analysis the variable biomass yield was correlated with each of the 7776
possible suitability models obtained in the data_suit matrix in the complete simulation
explained before to obtain the highest Pearson’s correlation coefficient. To accomplish
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this task the yield.dbf file was re-formatted to a text file and joined with the data_suit
resulting in the text file named FMatrix.txt. This matrix is presented in Figure 4.11

Figure 4.11
Fmatrix

Next, FMatrix.txt was input as data within a program statement. To complete this
task the R statistical software was used. The code used is presented below:

118

suit=read.table("D: /Thesis_2008/FMatrix1.txt", header=F)
r_coef=cor(suit[1],suit[-1])
r_coef_rank=order(r_coef)

The highest R-square was found in the column number 8 of data_suit matrix and
the value is 0.8066. The value 0.8066 is higher than the value obtained using the mean
values as parameter coefficients. Graph 4.12 presents the plot for this correlation

Graph 4.12
Plot of validation after sensitivity analysis
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The best coefficients for the suitability model to establish and crop Switchgrass at
Mississippi (Equation 3.1, page 70) is presented below.

Suit = (0.38) AWC + (0.1) BD + (0.05) pH + (0.3) OrgN + (0.17) OrgC

Spatial Modeling

In Chapter III we explained the methodology used to create a functional spatial
model to evaluate soil suitability to crop. Originally the maps were built using the vector
format and then were converted to raster format at 30 meters of resolution. Five maps
were evaluated, one for each soil parameter.

Next a spatial model was designed

through ERSI ArcMap ModelBuilder. The model is presented in Figure 4.12.
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Figure 4.12
Spatial model

Five raster maps, one of each soil parameter, were input in the spatial model
presented above. The input data is represented in the blue ovals; next, each parameter
was reclassified into five categories of soil suitability (very good, good, moderate, poor
and very poor); this process is represented in the yellow rectangles and the green ovals
represent the outputs for each parameter reclassified. The yellow rectangle labeled as
Weighted Sum represent the weighted sum function which overlays the five reclassified
soil parameters multiplying each by their given weight and summing them together. The
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weights used are the weights obtained in the sensitivity analysis phase of this study.
Figure 4.13 illustrates the function ‘weighted sum’.

Figure 4.13
Spatial model - weighted sum

The following maps present the maps obtained for each soil parameter
considered in the model. The following figures show the maps, these figures are in
vector format, the raster format is very similar but it is built by cells while the vector
format is build by lines, polygons and points.
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Figure 4.14 presents the suitability map for soil water holding capacity (awc).

Figure 4.14
Soil water holding capacity map of Mississippi
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Figure 4.15 presents the suitability map for soil bulk density (bd).

Figure 4.15
Bulk density map of Mississippi
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Figure 4.15 presents the suitability map for soil acidity and alkalinity (ph).

Figure 4.16
Ph map of Mississippi
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Figure 4.17 presents the suitability map for soil active organic nitrogen (on).

Figure 4.17
Active organic nitrogen map of Mississippi
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Figure 4.18 presents the suitability map for soil organic carbon (oc).

Figure 4.18
Organic carbon map of Mississippi
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Finally the green oval that has a ‘P’ label represents the soil suitability map to
establish and grow Switchgrass in Mississippi. The map is illustrated in figure 4.19.
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Coordinate System:
GCS_North_American_1983
Datum: D_North_American_1983
Prime Meridian: Greenwich
Angular Unit: Degree

Figure 4.19
Soil sutability map of Mississippi to crop Switchgrass in Mississippi

129

Figure 4.20 overlaps a transparent layer of the Ecoregions (Level III) and the Soil
suitability layer. Only the border of the ecoregions can be distinguished and each
Ecoregion has bee labeled. Thus we can identify the soil suitability associated with the
ecoregions.
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Figure 4.20
Soil suitability map to crop Switchgrass and Ecoregions (Level III)
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Figure 4.21 overlaps a transparent layer of the Ecoregions (Level IV) to the Soil
suitability layer. Only the border of the ecoregions can be distinguished and each
Ecoregion has bee labeled. Thus we can identify the soil suitability associated with the
ecoregions at level 4.
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Figure 4.21
Soil suitability map to crop Switchgrass and Ecoregions in Mississippi (Level IV)
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Figure 4.22 overlaps a transparent layer of the Physiographic regions to the Soil
suitability layer.

Only the border of the ecoregions can be distinguished and each

physiographic region has bee labeled. Thus we can identify the soil suitability associated
with each region.
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Figure 4.22
Soil suitability map to crop Switchgrass and Physiographic regions
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CHAPTER V
CONCLUSIONS

This study used the Geographical Information System and a Sensitivity Analysis
to categorize soil suitability to establish and crop Alamo-Switchgrass at Mississippi, US.
Most of the data collected and processed was compiled in a Geodatabase which can be
updated and upgraded in the future. An advanced soil map of Mississippi at the level of
soil association (soil units) has been developed in this project. This map is associated
with the soil Geodatabase mentioned before and is useful to forecast a number of soil
characteristics in the State of Mississippi, US.

Sensitivity analysis was valuable to optimize the soil suitability model developed.
And it allowed us refine our research.

The ALMANAC model is a functional tool to estimate yield biomass and other
parameters because it imports updated data from USDA-NRCS. The estimation of
biomass yield of Alamo-Switchgrass through this model was significant to validate our
model.
The statistical software SAS 9.2 presents some limitations to run large data, but
the extension ModelBuilder that ERSI ArcMap contains, permitted us to run our model
many times setting different scenarios and weights.
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Most of the soils in Mississippi have moderate and good soil suitability to
establish and crop Alamo-Switchgrass; however, there are some sites that present poor
and very poor soil suitability.

Analyzing the Physiographic Regions of Mississippi the majority of the Delta
region in Mississippi presents moderate and very good soil conditions to establish
Switchgrass; however some areas present poor suitability. The Loess Hills region in
general encompasses good soils suitability with a few territories that fall in the category
of very good, moderate and very poor. Most of the North Central Hills and Tombigbee
Hills present moderate soil conditions with some areas that present also good soil
conditions for the first one and a few territories that have poor soil conditions for the
second region. The Black Prairie and South Central Hills seem to be very suitable areas
because of the presence of very good, moderate. and good soil suitability. The largest
part of Jackson Prairie presents moderate soil suitability. Approximately fifty percent of
the Pine Belt and Coastal Zone regions present poor soil suitability; the other fifty
percent present is moderate, good and very good soil features to establish Switchgrass.

Analyzing the Ecological map of Mississippi (Level III) we can conclude that most
of the Southern Coastal Plains poor soil suitability to establish and crop AlamoSwitchgrass whiles the south region of the Southeastern Plains clearly presents poor soil
suitability but the mid and the north region of this ecoregion presents moderate and good
suitability with some patches of very good soil suitability. The Mississippi Alluvial Plain
ecoregion presents moderate soil suitability at most of the region with some occurrence
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of very good soil suitability in the north west of the region and poor soil suitability in the
central region. Finally most of the ecoregion Mississippi Valley Loess Plains presents
good soil and very good soil suitability to establish and crop Alamo-Switchgrass.

The analysis of the Ecological map o Mississippi (Level IV) has not been done.
The Level IV presents 21 different ecoregions. We have evaluates some this regions
and in general we found out that the soil suitability detected in our study is very much
similar with the information that EPA output for overlapping ecoregions. However some
constrictions and information weaknesses have been found in the some of the
ecoregions, one of this cases occurs in the ecoregion Southern Pine Plains and Hills
where the number soil series described by EPA is less that the number of soil series that
we have identified.

There information collected from USDA-NRCS, EPA, MARIS and

so far governmental agencies is valuable and useful but also present some constrictions
and errors.

The model output could present high uncertainties because of the magnitude of
the area assessed and for the reason that some of the soil and weather variables that
we used fluctuate as a function of the environmental conditions.
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STATISTICAL PROGRAMMING STATEMENTS

The programming statement for Partial sensitivity analysis for each parameter is
presented below
Parameter: Available water capacity/ Water holding capacity (Awc)

data sens;
input X1 X2 X3 X4 X5;
label X1="Available Water Capacity"
X2="Blk Density"
X3="PH"
X4="Org Nitrogen"
X5="Org Carbon";

do awc=0.35 to 0.5 by 0.03;
suit=awc*x1 + 0.15*X2 + 0.1*X3 + 0.4*X4 + 0.2*X5;
output;
end;
cards;
0.210 1.28

6.2

225

1.15

0.190 1.31

6.7

151

0.73

;0.130

1.36

6.2

158

0.74

0.120

1.60

6.2

95

0.45

;
;
;

run;
proc print;
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var X1-X5 suit;
proc gplot;
plot suit*awc;
run;
proc reg;
model suit=awc;
run;

Where X1, X2, X3, X4 and X5 represent the soil parameters considered in the model.
Each Xi have labeled in SAS code as the reader can distinguish. The commands “do”
for water holding capacity (awc) set up a loop for the potential coefficient that this
parameter could finally use while the other coefficients for the other parameters do not
vary. The ranging for awc was defined as function of its significance that this variable
have for Switchgrass establishment and growing; this decision was done taking in
account literature review and a number of discussions with specialists associated with
this topic. The range set for the awc parameter coefficient goes from 0.35 to 0.5. The
step size, potential values that awc can use in the model, have set considering the limits
of five similar sub-intervals that fit within 0.35 and 0.5 limits. Each increment was done at
the rate of 0.03. The programming statement also includes a relation that set thepotential suitability model mentioned before. The reader can observe in the code that
X1 (water holding capacity parameter) is the unique parameter that its coefficient must
be simulated while the others are kept constant. The values used for the other
parameter coefficients are mean values estimated from each interval and for each
parameter. The command output creates three types of output: SAS log file, SAS
procedure output file and SAS console log file. SAS log file permits observe the
information contained in the SAS statements, SAS procedure output produces printed
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output and sends the output to the procedure output file and SAS console log file permit
detect any error in the written statement. The command “end” closes the statement and
save changes made to it. The command cards is a declarative statement and permits
input data formatted as matrix such *.xls or *.dbf files among other formats. The
command run permits to submit and process the specified programming statement
written; it is a process editor. Proc print command print the contents of the data by
saving it SAS data set and sends the correspond output to the output window. The
function var returns the variance and its syntax is as follow: var (argument, argument,…)
where argument is numeric; at least two arguments are mandatory. The proc gplot
procedure plots the values of the variables on a X,Y coordinate system showing trends
and patterns, interpolating between points and extrapolating beyond existing data with
the display of regression lines and confidence limits. The proc reg procedure is a
command that permits process regression that includes the analysis of variance and a
basic plot between the variables assessed. The results of this analysis are presented
and explained in Chapter IV. The programming statement for partial sensitivity for each
parameter is presented below:

Parameter: Bulk density (Bd)
data sens;
input X1 X2 X3 X4 X5;
label X1="Available Water Capacity"
X2="Blk Density"
X3="PH"
X4="Org Nitrogen"
X5="Org Carbon";

do bd=0.1 to 0.2 by 0.02;
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suit=0.45*x1 + bd*X2 + 0.1*X3 + 0.4*X4 + 0.2*X5;
output;
end;
cards;
0.210 1.28

6.2

225

1.15

0.190 1.31

6.7

151

0.73

0.130 1.36

6.2

158

0.74

0.120 1.60

6.2

95

0.45

;
;
;

run;
proc print;
var X1-X5 suit;
proc gplot;
plot suit*bd;
run;
proc reg;
model suit=bd;
run;

The method to evaluate partial sensitivity analysis for bulk density (BD) is the same as
the partial simulation detailed for Awc with the difference that the parameter evaluated is
Bd and the other coefficients of the parameters are kept as constant values. The
commands used are the same. The results of this analysis are presented and explained
in Chapter IV.

Parameter: pH (pH)
data sens;
input X1 X2 X3 X4 X5;
label X1="Available Water Capacity"
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X2="Blk Density"
X3="PH"
X4="Org Nitrogen"
X5="Org Carbon";

do ph=0.05 to 0.15 by 0.02;
suit=0.45*x1 + 0.15*X2 + ph*X3 + 0.4*X4 + 0.2*X5;
output;
end;
cards;
0.210 1.28

6.2

225

1.15

0.190 1.31

6.7

151

0.73

0.130 1.36

6.2

158

0.74

0.120 1.60

6.2

95

0.45

;
;
;

run;
proc print;
var X1-X5 suit;
proc gplot;
plot suit*ph;
run;
proc reg;
model suit=ph;
run;

The method to evaluate partial sensitivity analysis for pH (pH) is the same as the partial
simulation detailed for awc with the difference that the parameter evaluated is ph and the
other coefficients of the parameters are kept as constant values. The commands used
are the same. The results of this analysis are presented and explained in Chapter IV.

Parameter: Active Organic Nitrogen (ON)
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data sens;
input X1 X2 X3 X4 X5;
label X1="Available Water Capacity"
X2="Blk Density"
X3="PH"
X4="Org Nitrogen"
X5="Org Carbon";

do on=0.3 to 0.5 by 0.04;
suit=0.45*x1 + 0.15*X2 + 0.1*X3 + on*X4 + 0.2*X5;
output;
end;
cards;
0.210 1.28

6.2

225

1.15

0.190 1.31

6.7

151

0.73;

0.130 1.36

6.2

158

0.74

0.120 1.60

6.2

95

0.45

;
;
;

run;
proc print;
var X1-X5 suit;
proc gplot;
plot suit*on;
run;
proc reg;
model suit=on;
run;

The method to evaluate partial sensitivity analysis for organic nitrogen (on) is the same
as the partial simulation detailed for awc with the difference that the parameter evaluated
is on and the other coefficients of the parameters are kept as constant values. The
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commands used are the same. The results of this analysis are presented and explained
in Chapter IV.

Parameter: Organic Carbon (OC)
data sens;
input X1 X2 X3 X4 X5;
label X1="Available Water Capacity"
X2="Blk Density"
X3="PH"
X4="Org Nitrogen"
X5="Org Carbon";

do oc=0.1 to 0.3 by 0.04;
suit=0.45*x1 + 0.15*X2 + 0.1*X3 + 0.4*X4 + oc*X5;
output;
end;
cards;
0.210 1.28

6.2

225

1.15

0.190 1.31

6.7

151

0.73;

0.130 1.36

6.2

158

0.74

0.120 1.60

6.2

95

0.45

;
;
;

run;
proc print;
var X1-X5 suit;
proc gplot;
plot suit*oc;
run;
proc reg;
model suit=oc;
run;
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The method to evaluate partial sensitivity analysis for organic carbon (oc) is the same as
the partial simulation detailed for awc with the difference that the parameter evaluated is
oc and the other coefficients of the parameters are kept as constant values. The
commands used are the same. The results of this analysis are presented and explained
in Chapter IV.

The programming statement for Complete sensitivity analysis is presented below:

data sens;
input X1 X2 X3 X4 X5;
label X1="Available Water Capacity"
X2="Blk Density"
X3="PH"
X4="Org Nitrogen"
X5="Org Carbon";
X11=0.45;
X12=0.15;
X13=0.1;
X14=0.4;
X15=0.2;
do awc=0.35 to 0.5 by 0.03;
do bd=0.1 to 0.2 by 0.02;
do ph=0.05 to 0.15 by 0.02;
do on=0.3 to 0.5 by 0.04;
do oc=0.1 to 0.3 by 0.04;
suit=awc*X1 + bd*X2 + ph*X3 + on*X4 + oc*X5;
output;
end;
end;
end;
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end;
end;
cards;
31.17 62.01 82.7

44

39.78

54.55 62.57 86.7

32

30.94

38.96 90.50 86.7

22

19.61

45.71 95.53 82.7

11

8.29

;
;
;

run;
proc print;
var X1-X5 suit;
proc gplot;
plot suit*awc;
proc reg;
model suit=awc;
run;
proc gplot;
plot suit*bd;
proc reg;
model suit=bd;
run;
proc gplot;
plot suit*ph;
proc reg;
model suit=ph;
run;
proc gplot;
plot suit*on;
proc reg;
model suit=on;
run;
proc gplot;
plot suit*oc;
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proc reg;
model suit=oc;
run;

Where X1, X2, X3, X4 and X5 represent the soil parameters considered in the model.
Each Xi have labeled in the SAS code as the reader can distinguish. The commands
“do” for “awc”, “bd”, “ph”, “on” and “oc” set up the loops for the potential coefficients that
each parameter could finally may potentially use. The ranging for awc, bd, ph, on and oc
were defined as function of their significance that each parameter has for Switchgrass
establishment and growing; this decision was done taking in account literature review
and a number of discussions with specialists associated with the topic analyzed. The
range set for each coefficient for its respective parameter was set as follow: for awc from
0.35 to 0.5, for bd from 0.1 to 0.2, for ph from 0.05 to 0.15, for on from 0.3 to 0.5 and for
oc from 0.1 to 0.3. The step sizes respectively were 0.03, 0.02, 0.02, 0.04 and 0.04.
X11, X12, X13, X14, and X15 represent the potential mean values for each parameter
for each soil serie. Most of the commands used in the complete sensitivity analysis are
the same as that we used for the partial sensitivity, thus we will evade describe it again.
To complete the analysis of sensitivity and obtain the complete output we use MATLAB
Ra2007 which is a high-performance computing language that permits input and process
large data and large outputs. The reason to use this software was that we could not run
the simulation through SAS 9.2 because of the data is excessively large. The MATLAB
code used to simulate the complete sensitivity analysis is presented below:
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ALMANAC MODEL OPERATION
EXAMPLE

Example: ALMANAC model operation

Figure 6.1 displays many options under available actions label to search for data
from different start points and sources. The data that selected to modeling Switchgrass
was SSURGO from NRCS-USDA. The reader can see it at the top of the available
actions. Next, after the selection different windows come up. At Figure 6.2 and figure 6.3
the State “[28] Mississippi” and then type the soil series that we were investigating were
selected. To set this example we have chosen arbitrarily the soil series Loring.

Figure B.1
Almanac window 1
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Figure B.2
Almanac window 2

Figure B.3
Almanac window 3
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Next, the horizon horizon, in terms of depth, and soil texture that should be used
in the simulation was selected. Figure 6.3 only present one option; however, there are
different series that we could have more options to choose. Figure 6.4 illustrates it for
the soil serie Loring

Figure B.4
Almanac window 4

Next,

the

program

presents

different

models

to

run.

The

EPIC

(Erosion/Productivity Impact Calculator) option was selected. This model reduces the
soil productivity; however, the relationship between erosion and productivity has not
been well defined (G.W. Cole et al, 1990). Figure 6.5 presents the interactive command
prompt window.
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Figure B.5
Almanac window 5

Subsequently the option ‘Perform calculations’ was selected. Figure 6.6 presents the
interactive prompt window.
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Figure B.6
Almanac window 6

Until this point ALMANAC have pulled soil data from NRCS-USDA’ database,
specifically from SSURGO. Next step includes the settings to complete the computer
simulation to estimate Switchgrass biomass yield through ALMANAC model. Figure 6.7
illustrates the first interactive window, Figure 6.8 remarks the soil serie that have chosen
for modeling and Figure 6.9 remarks the new name that we have set for the output. Later
we will able to see the results for this simulation under the new name that have been
created. For this example the new name is: loringTh.dat
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Figure B.7
Almanac window 7
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Figure B.8
Almanac window 8
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Figure B.9
Almanac window 9

Then the output file created ‘loringTh.dat’ can be pulled to visualize it in
ALMANAC. Figure 6.11 and 6.12 illustrate it. Figure 6.10 indicates that the simulation
have finished.
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Figure B.10
Almanac window 10
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Figure B.11
Almanac window 11

Finally the file loringTh.out can be opened see the results and record the
required information. Figures 6.12 and 6.13 display the output, which encompasses
large information. Figure 6.12 illustrates it when the scroll bar is up top and Figure 6.13
illustrates it when the scroll bar is down the bottom.
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Figure B.12
Almanac window 12
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Figure B.13
Almanac window 13

Figure 6.13 the highlights words with blue, remarks the parameters estimated in
the simulation. The BIOM (T/Ha) is the ‘biomass yield’ value that was used for this study.
Similar process was executed for each soil serie included in the study. The means of
biomass yield for each soil series were used later to validate the soil suitability model. As
we mention before to determine the best soil suitability model we plot soil suitability with
biomass yield.
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